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I INTRODUCTION

Pursuant to Commission Rule 210.43(b), 19 C.F.R. 210.43(b), Respondents Sinorgchem
Co., Shandong (“Sinorgchem™) and Sovereign Chemical Company (“Sovereign”) petition for
review of the issues specified below that were decided in the Initial and Recommended
Determinations (“ID”) of the Hon. Paul J. Luckern, dated February 17, 2006.

A. Background

This case involves antidegradant chemicals, which have been known and used for many
years as additives in tires and other rubber products. Flexsys asserted infringement of two
process patents, the ‘063 patent and its continuation-in-part, the ‘111 patent. The ‘111 patent
claims benefit under 35 U.S.C. § 119 to the filing date of the ‘063 patent. Copies of the ‘063 and
‘111 patents are attached hereto as Exhibits 1 and 2, respectively. These patents relate to a
process for the manufacture of the antidegradant referred to as “6PPD,” a precursor chemical
called “4-ADPA”! (4-aminodiphenylamine), and 4-ADPA intermediates.” The Flexsys patents
are directed to a purported improvement on an admittedly old chemical reaction described in
literature dating back to 1903 describing the reaction of aniline and nitrobenzene in the presence
of a base to form a 4-ADPA intermediate.

The ALIJ issued his ID on February 17, 2006. In the ID, contrary to the position of the
ITC staff, the ALJ found that the Complainant had established that a violation of Section 337
exists with respect to Sinorgchem and Sovereign in the importation into the United States, sale

for importation, or the sale within the United States after importation of 4-ADPA and 6PPD, in

1" Both 6PPD and 4-ADPA have been known and used in industry for many years.

These intermediates are 4-nitrosodiphenylamine (“4-NODPA”) and 4-nitrodiphenylamine
(“4-NDPA”), and have also been known for many years. See e.g., Ex. 1, ‘063 patent, col. 1, lines
23-35, 62-68.

2
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violation of claims 30 and 61 of the ‘063 patent and claims 7 and 11 of the ‘111 patent. He also
found that a domestic industry exists that practices the asserted claims. The ALJ further
determined that the ‘063 and ‘111 patents are not invalid. The ID recommended that a limited
exclusion order be directed to each of Sinorgchem and Sovereign regarding accused 4-ADPA
and 6PPD made by Sinorgchem. As the ALJ noted, Flexsys is not seeking relief against
downstream products (SX-6), and he recommended that no bond be imposed during the 60-day
Presidential review period.

The ID contains a number of errors of law and fact listed below. Respondents
Sinorgchem and Sovereign respectfully seek Commission review and reversal of the following
errors.

(i) The ID sets forth a legally incorrect and incomplete claim construction of the
defined term “controlled amount™;

(i) The ID incorrectly finds that Sinorgchem and Sovereign infringe the asserted
claims;

(iii) The ID fails to conclude that the asserted claims are invalid for not satisfying the
requirements of 35 U.S.C. § 112, § 2, i.e., “indefiniteness”;

(iv) The ID fails to conclude that the asserted claims are invalid for obviousness based
on the requirements of 35 U.S.C. § 103; and

(v) The ID incorrectly concludes that Flexsys has established the technical prong of the
domestic industry requirement.

B. The Standard of Review

Commission Rule 210.43(b)(1) specifies that review may be sought on an issue decided

in an ID on one or more of the following grounds:

-2
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(i) That a finding or conclusion of material fact is clearly erroneous;

(i) That a legal conclusion is erroneous, without governing precedent, rule or law, or
constitutes an abuse of discretion; or

(iii) That the determination is one affecting Commission policy.
19 C.F.R. 210.43(b)(1). As detailed in this Petition, the ALJ failed to apply properly established
patent law on claim construction, found infringement and the existence of a domestic industry
based on an erroneous claim construction, and failed to apply properly the law of the Federal
Circuit on patent invalidity for indefiniteness and obviousness. Contrary to the ID of the ALJ,
the ITC staff supported Respondents on claim construction, noninfringement, lack of a domestic
industry, and invalidity for indefiniteness.

IL. THE ‘063 AND ‘111 PATENTS AND THE PRIOR ART WOHL PAPER

Numerous methods of making 4-ADPA and 6PPD have been known for years. (See, e.g.,

Ex. 1, ‘063 patent, col. 1, lines 23-61.) Generally, the ‘063 and ‘111 patents describe a method
for producing 4-ADPA intermediates and 4-ADPA by reacting or coupling aniline and
nitrobenzene with a “suitable solvent” and a “suitable base” under conditions using a “controlled
amount” of protic material (e.g., water). Flexsys has asserted claims 30 and 61 of the ‘063
patent and claims 7 and 11 of the ‘111 patent (“the asserted claims™). All of the asserted claims
include the limitation “controlled amount” of protic material, and that claim limitation is the
subject of this dispute. Claim 30 of the ‘063 patent is exemplary and reads as follows:

A method of producing 4-aminodiphenylamine (4-ADPA)

comprising the steps of: a) bringing aniline and nitrobenzene into

reactive contact in a suitable solvent system; b) reacting the

aniline and nitrobenzene in a confined zone at a suitable

temperature, and in the presence of a suitable base and controlled
amount of protic material to produce one or more 4-ADPA
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intermediates; and ¢) reducing the 4-ADPA intermediates under
conditions which produce 4-ADPA >

All of the asserted claims require that a “controlled amount” of protic material during the
reaction of aniline and nitrobenzene in the presence of a suitable base and a suitable solvent. The
patentees emphasized in the specification and the prosecution history that this was an important
feature of the process described and claimed in the patents. (Ex. 1, ‘063 patent, col. 4, lines 31-
32 and col. 9, lines 20-21; Ex. 2, ‘111 patent, col. 5, lines 27-28 and col. 10, lines 30-31.) The
‘063 patent includes Examples 1 to 12; the ‘111 patent, a later-filed continuation-in-part, adds
Examples 13 to 21.

A. Flexsys Did Not Invent Either The Known Three-Step Commercial Process To
Make 6PPD Or The Reaction Of Aniline, Nitrobenzene, And Base

It was undisputed that various three-step commercial processes for making 6PPD were
known for many decades prior to 1990. Many of those processes made 4-ADPA and 6PPD by
(1) reacting p-chloronitrobenzene (“PCNB”) with aniline to form 4-ADPA intermediates,
followed by (2) the reduction thereof to 4-ADPA, and then (3) alkylation of 4-ADPA to 6PPD.*
Those processes produced chlorine-containing by-products that in 1990 had been recognized as
being environmentally unacceptable. The only arguably novel step in the asserted claims,
compared to the known commercial processes to make 4-ADPA and 6PPD, was the use of the
reaction of aniline with nitrobenzene, rather than with p-chloronitrobenzene, in the presence of a
base, to form the 4-ADPA intermediates in steps (a) and (b) of the asserted claims of the ‘063

and ‘111 patents. That chlorine-free step is what Wohl clearly teaches. And, it was clearly

3 Unless otherwise indicated, all emphasis is added.

4 Step (1) corresponds to steps (a) and (b) of the asserted claims; step (2) corresponds to step

(¢) of the asserted claims; and step (3) corresponds to step (d) of asserted claim 61 of the ‘063
patent and asserted claim 11 of the '111 patent.
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recognized by Monsanto that Wohl disclosed long before 1990 to react aniline and nitrobenzene
with base to produce 4-ADPA intermediates. (Ex. 3, Preliminary Amendment to ‘111
Application, corresponding to CX-4, at FA030986.) Because of the new motivation in 1990 to
eliminate chlorine from the three-step Monsanto commercial process for making 6PPD for
environmental purposes, it was clearly obvious to use Wohl’s chlorine-free process in place of
conventional step (1). Contrary to the apparent misunderstanding of the ALJ (ID at 8-33 and
110-13), the 1903 Wohl prior art reference does disclose reacting aniline and nitrobenzene in the
presence of a base and excess aniline as the solvent to produce a 4-ADPA intermediate. (Ex. 18,
RX-9, Wohl publication.) There was water present in the Wohl system that was formed as a
reaction product of the coupling reaction of aniline and nitrobenzene. (ID at 23-24; CX-30.)
Wohl conducted the reaction at a temperature of 120°C. The result of that condition was that
Wohl controlled the amount of protic material, i.e., water, formed and present during the course
of his reaction by continuous distillation during the reaction. Another result of that removal of
water by distillation was to increase the yield of 4-ADPA intermediates according to the Law of
Mass Action (also referred to as Le Chatelier’s Principle). (Ex. 4, Tr. 1960:18-1961 :18.)°
Moreover and importantly, Flexsys expressly acknowledged during prosecution that
Wohl disclosed reacting aniline and nitrobenzene with a base (sodium hydroxide) to produce the
same 4-ADPA intermediate as claimed by Flexsys. Flexsys made clear during the prosecution of
the applications for the ‘063 and ‘111 patents that Wohl discloses “the reaction of aniline with
nitrobenzene in aniline as solvent using NaOH as base under ‘anhydrous’ conditions,” and

identifies “the minor product of this reaction of aniline with nitrobenzene as p-

5 All hearing transcript pages cited in this Petition for Review are collected in Ex. 4.
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nitrosodiphenylamine (p-NDPA). (Ex. 3, corresponding to CX-4, at 111-083.) That statement
made during prosecution to the United States Patent and Trademark Office (“USPTO”) is an
admission binding on Flexsys, but ignored entirely by the ALJ in the ID.

Tellingly, the European Patent Office (“EPO”) has considered whether the Wohl 1903
publication describes steps (a) and (b) of the asserted claims of the ‘063 and ‘111 patents and
found that Wohl by itself discloses all aspects of those claim steps. On that point, the EPO
revoked claim 1 of Flexsys’ corresponding European Patent No. 0590053 based on the Wohl
1903 publication (referred to by the EPO as reference E1). (Ex. 5, corresponding to RX-835, at
FA008914-17.) Also, the Korean courts have reached the same conclusion — the Wohl 1903
paper describes the claim steps (a) and (b) in the Flexsys’ Korean patent corresponding to the
‘063 patent. (Ex. 6, corresponding to RX-847, at 09135T and 09148T; Ex. 7, corresponding to
RX-848, at 09159T and 09168T.) These decisions were before the ALJ, but were ignored in
their entirety in the ID.

There is also clear evidence in the record that the Wohl 1903 publication was appreciated
by independent, unbiased academics in the field of synthetic organic chemistr}; as the recognized
and preferred route to synthesize 4-NODPA, a 4-ADPA intermediate, by Flexsys’ claim
definition. In 1992, a Chinese academic from the Beijing Institute of Technology published the
Manual of Organic Synthesis which describes the development and application of “classical
organic synthetic reactions” for over 1700 commonly used organic compounds. (Ex. 8 at
SCS014061.) That Manual, written by an independent author reviewing the field, appreciated
that Welcher reported in 1947 that the Wohl 1903 synthesis was the recognized and preferred
route to 4-nitrosodiphenylamine. Indeed in 1947, Welcher described in an academic review

methods for making various organic reagents. Welcher reported that a known method to
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synthesize p-nitrosodiphenylamine (another name for 4-NODPA) was by reacting aniline and
nitrobenzene with a base and clearly referenced the Wohl 1903 publication (in footnote 1) as the
source of that synthesis. (Ex. 8, corresponding to RX-857 at SCS014062-63.)° (Ex. 8 at
SCS014062-63.) Again, this public and independent evidence was ignored by the ALJ in the ID.

The inescapable conclusion from this evidence, all ignored by the ALJ, is that, contrary
to the implications of the ALJ, the direct reaction of aniline and nitrobenzene in the presence of a
base to produce 4-ADPA intermediates, while controlling the amount of water present during the
reaction, was not invented by Flexsys, but rather was discovered and described by Wohl.
Moreover, this conclusion has been recognized on numerous occasions by independent and
unbiased academics and foreign patent tribunals. Flexsys did not invent the reaction of aniline
and nitrobenzene with base to produce a 4-ADPA intermediate. To replace conventional steps
(1) in the known commercial process with the chlorine-free Wohl reaction would have been
obvious in 1990, particularly given the new motivation for a chlorine-free, environmentally
acceptable process at Monsanto.

Flexsys purported to distinguish its claimed process from the prior art Wohl process by
emphasizing the importance of controlling the amount of protic material, particularly water, in
the coupling reaction. See, e.g., Ex. 1, ‘063 patent, col. 2, lines 23-25. Again, in the prosecution
history of the ‘111 patent, the patentees asserted that “controlling the amount of protic material”
was the key distinguishing feature of the claims from the prior art. However, as previously

noted, Wohl discloses reacting aniline and nitrobenzene in the presence of a base to produce the

6 Ex. 9, corresponding to RX-857A, is a copy of the pertinent pages of Welcher; that exhibit,

improperly excluded from evidence by the ALJ is relied on only to confirm that SCS014063 in
Ex. 8 is indeed a copy of pages 406-07 of the 1947 Welcher text (Ex. 8 at SCS014063).
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claimed 4-ADPA intermediate, while controlling the amount of water present during the
reaction. In distinguishing Wohl during prosecution, Flexsys argued that “[i]t was applicants
who discovered the criticality of controlling the amount of protic material present in the reaction
of aniline and/or substituted aniline derivatives with nitrobenzene.” (Ex. 3, Preliminary
Amendment for ‘111 application, at 7.) This argument was not a fair and proper distinction of
the teachings of Wohl as understood by others, particularly in the academic publications (Ex. 8)
and by both the EPO (Ex. 5) and the Korean courts (Exs. 6 and 7).

B. Flexsys Defined A “Controlled Amount” Of Protic Material

In the specifications of both patents, Flexsys defined exactly what it meant by the claim
term” controlled amount” of protic material. (Ex. 1, col. 4, lines 31-60; Ex. 2, col. 5, lines 27-
55.) Specifically, when aniline is used as the solvent, a “controlled amount” of protic material
requires that the amount of water be no higher than about 4% based on the volume of the
reaction mixture. (Ex. 1, col. 4, lines 58-60; Ex. 2, col. 5, lines 52-55.) This definition was in
the application for the ‘063 patent as filed and was not changed when the continuation-in-part
application for the ‘111 patent was filed four years later.

Throughout both specifications, the inventors consistently taught that when aniline is the
solvent, the amount of water in the reaction mixture could be no more than about 4% or the
reaction would be unacceptable. In the Detailed Description of the Invention, the inventors
stated:

Generally, when the reaction is conducted in aniline, water present
in the reaction in an amount greater than about 4% (based on
volume of the reaction mixture) inhibits the reaction of the
nitrobenzene to an extent where the reaction is no longer

significant. Reducing the amount of water to below the 4% level
causes the reaction to proceed in an acceptable manner.
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(Ex. 1, col. 4, lines 32-39; Ex. 2, col. 5, lines 28-34.) Equally significant, the patentees put the
key term in quotes and defined that the upper limit of protic material is about 4% when aniline is
the solvent:

A “controlled amount” of protic material is an amount up to that

which inhibits the reaction of aniline with nitrobenzene, e.g., up to

about 4% H;O based on the volume of the reaction mixture when

aniline is utilized as the solvent . . .. When aniline is utilized as a

solvent with the same base [TMAH], the upper limit is 4% based
on the volume of the reaction mixture.

(Ex. 1, col. 4, lines 48-52 and 58-60; Ex. 2, col. 5, lines 47-47 and 52-55.) The patentees
specifically defined and delineated what is meant by controlling the amount of protic material
(e.g., water) in a specific solvent system, i.e., aniline. These clear and deliberate statements
throughout the specifications of both the ‘063 and the ‘111 patents explicitly defined a
“controlled amount” of protic material in the context of the claimed process.
III. SINORGCHEM’S PROCESS

[l

1
IV. THE ALJ’s DETERMINATION ON CLAIM CONSTRUCTION IS WRONG

The issue of claim construction is a question of law. Markman v. Westview Instruments,

Inc., 52 F.3d 967, 979 (Fed. Cir. 1995) (en banc), aff’d, 517 U.S. 370 (1996). The central issue
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of claim construction in this Investigation is the meaning of the claim term “controlled amount”
of protic material, which appears in all four claims at issue. The ALJ accepted Flexsys’
construction of this term to mean that:

the amount of protic material (which is not limited to water) should

be controlled between (1) an upper limit of protic material which is

the amount of protic material beyond which the reaction between

nitrobenzene and aniline (or substituted aniline) is inhibited and

(2) a lower limit of protic material which is the amount of protic

material below which the desired selectivity for 4-ADPA
intermediates is not maintained.

(ID at 78-79.) Putting aside whether this definition is correct for solvent systems other than
aniline, the definition is legally incorrect and incomplete when applied to processes in which
aniline is used as the solvent and water is the protic material.

A. The ALJ Incorrectly Ignored The Express Definition Of The Claim Term
“Controlled Amount” When Aniline Is The Solvent

When aniline is the solvent, the ‘063 and ‘111 patentees adopted an express definition for
“controlled amount” of protic material, limiting the maximum amount of water to “about 4%.”
In fact, the patentees explained this definition several times, culminating in an express definition
of the claim language in quotations. The patentees first explained the danger of exceeding 4%
water, when aniline is the solvent:

Generally, when the reaction is conducted in aniline, water present
in the reaction in an amount greater than about 4% H,O, (based on
volume of the reaction mixture) inhibits the reaction of the aniline

with the nitrobenzene to an extent where the reaction is no longer
significant.

(Ex. 1, col. 4, lines 32-37; Ex. 2, col. 5, lines 28-33.) The patentees then explained further that,
for the claimed reaction to even proceed in an acceptable manner, the amount of water should be

reduced to below 4%, stating that: “reducing the amount of water to below the 4% level causes
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the reaction to proceed in an acceptable manner.” (Ex. 1, col. 4, lines 37-39; Ex. 2, col. 5,
lines 33-34.)
A few sentences later, the patentees, using quotation marks, expressly defined “controlled
amount” of protic material (e.g., water) when aniline is the solvent as less than about 4% water:
a “controlled amount” of protic material is an amount up to that
which inhibits the reaction of aniline with nitrobenzene, e.g., up to
about 4% H,0 based on volume of the reaction mixture when
aniline is utilized as the solvent . . . When aniline is utilized as a

solvent with the same base [TMAH], the upper limit is 4% H,O
based on the volume of the reaction mixture.

(Ex. 1, col. 4, lines 48-52 and 58-60; Ex. 2, col. 5, lines 43-47 and 52-55.) The patentees’
deliberate use of quotations around the claim term is an explicit definition. Durel Corp. v.
Osram Sylvania Inc., 256 F.3d 1298, 1301 (Fed. Cir. 2001); Cultor Corp. v. A.E. Staley Mfg.
Co., 224 F.3d 1328, 1330 (Fed. Cir. 2000); Abbott Labs. v. Teva Pharms. USA, Inc., 2005 WL
1026746, at *5 (D. Del. Apr. 22, 2005) (“the specification clearly states, ‘[i]n the context of this
invention, the expression “inert hydrosoluble carrier” means . . ..” I cannot imagine a clearer
way of expressing the intention that a particular term be given a particular meaning.”) (a copy of
Abbott Labs. v. Teva Pharms. USA, Inc. is attached in Ex. 10). Thus, when aniline is used as the
solvent, the patentees defined a “controlled amount” of protic material to mean that the content
of water can be no greater than about 4% by volume. There was no equivocation on this point.
The ALJ correctly recognized that Respondents did not argue that aniline must be the
solvent or that water must be the protic material; only that when aniline is the solvent, water must

not exceed about 4%.’ (ID at 44, 47.) The ALJ also noted that, in accordance with the

7 In one instance, however the ALJ mistakenly stated that Respondents urged a construction

under which “the protic material should be limited to water when aniline is the solvent.” (ID
at 44.) Respondents never took such a position.
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governing principles of claim construction, the specification of a patent acts as a dictionary
“when it expressly defines terms used in the claims.” (ID at 40, citing Vitronics Corp. v.
Conceptronic, Inc., 90 F.3d 1576, 1582 (Fed. Cir. 1996).) However, he gave little weight to the
well accepted law that a patentee can act as his own lexicographer to provide such an express
definition for a claim term. Phillips v. AWH Corp., 415 F.3d 1303, 1316 (Fed. Cir. 2005) (en
banc). He also disregarded the law that where it is clear that the specification reveals an
intentional disclaimer or disavowal of claim scope, the inventor’s intent as expressed in the
specification is dispositive. /d. The ALJ committed legal error by disregarding the patentees’
express definition that a “controlled amount” of protic material means that water cannot exceed
“about 4%” when aniline is the solvent. (ID at 91-93.) The 4% water limitation when aniline is
the solvent was not an idle remark made by the patentees in mere passing; it is an express
definition. The limitation is expressly mentioned four times in the specification. (Ex. 12, col. 4,
lines 31-60; Ex. 2, col. 5, lines 27-55.)

Flexsys, Respondents, the ITC staff, and the ALJ all agreed that the claim term
“controlled amount” of protic material had no plain and ordinary meaning to one skilled in the
art. (ID at 48.) In other words, the patentees were their own lexicographers. Thus, the explicit
definition for that term provided by the patentees in the specification is paramount and
dispositive. Phillips, 415 F.3d at 1316. The ALJ legally erred by ignoring the express

definition — the express about 4% water limitation when aniline is the solvent.®

8 The ALJ may have been confused as to whether it was necessary to address a “global” claim

construction, i.e., one that construed the claims with respect to all potential solvent systems, or
only with respect to aniline — the solvent used in Sinorgchem’s accused process. (ID at 45-48.)
The ALJ stated that Respondents urged the Judge “to construe controlled amount of protic
material only with reference to the accused process.” (ID at 45.) To the extent this statement
means that the accused process is relevant to frame the issues in the Investigation, it is correct.

[Footnote continued on next page]
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The present case is strikingly similar to the Federal Circuit’s decision in Cultor Corp. v.

A.E. Staley Mfg. Co., 224 F.3d 1328 (Fed. Cir. 2000). In that case, the patents claimed a process
for making a polydextrose composition. Id. at 1330. The pertinent claims said nothing about the
use of citric acid as the catalyst in the claimed process, but the Court construed those claims to
require the presence of citric acid, based on the patentees’ express definition. That definition
read, much like the definition in quotation marks in the present case, as follows:

As used herein, the expression “water-soluble polydextrose” (also

known as polyglucose or poly-D-glucose) specifically refers to the

water-soluble polydextrose prepared by melting and heating

dextrose (also known as glucose or D-glucose), preferably with

about 5-15% by weight of sorbitol present, in the presence of a
catalytic amount (about 0.5 to 23.0 mol%) of citric acid.

Id. Based on this express definition, the claims were limited to processes using citric acid as the
catalyst. Id. at 1331. The same reasoning should apply to define the explicit term “controlled
amount” in the present case. The ID does not even mention — much less distinguish — the
decision in Cultor, which was highlighted by Respondents before the ALIJ.

In addition to Cultor, the Federal Circuit has repeatedly found that patentees are bound
by a clear definition of a claim term set forth in the specification. In Durel, 256 F.3d at 134, the
Federal Circuit found an express definition set forth in the specification binding, even if that
definition were to exclude preferred embodiments inherently disclosed in the examples.

Similarly, in AstraZeneca AB v. Mut. Pharm. Co., 384 F.3d 1333 (Fed. Cir. 2004), the Federal

[Footnote continued from previous page]

Indeed, the ALJ correctly acknowledged that “it may be impossible sometimes to frame a claim
construction issue without reference to the accused infringement.” (ID at 47.) See also, Robert
L. Harmon, Patents and the Federal Circuit, § 6.7(c), and n. 297 (7th Ed. (2005). Respondents
never urged that the Sinorgchem process in and of itself is relevant to the meaning of the claims.
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Circuit rejected a patentees’ argument that express statements describing solubilizers suitable in
the claimed invention referred only to preferred embodiments; the court refused to construe the
claims to be broader than the patentee’s express definition. /d. at 1340 (“The inventor’s
lexicography alone works as an implicit disavowal.”); see also Multiform Desiccants, Inc. v.
Medzam, Ltd., 133 F.3d 1473, 1478 (Fed. Cir. 1998) (“When the specification explains and
defines a term used in the claims, without ambiguity or incompleteness, there is no need to
search further for the meaning of the term.”); Abbott Labs. v. Novopharm Ltd., 323 F.3d 1324,
1330 (Fed. Cir. 2003) (limiting the claim term “co-micronization” to the explicit definition in the
specification). The ALJ ignored all of this highly relevant and controlling precedent.

Moreover, the only express teachings in the examples regarding the effect of water
emphasizes the deleterious effect of exceeding 4% water when aniline is the solvent. Both the
‘063 and ‘111 patents contain Example 3, an example explicitly designed to illustrate the
importance of controlling the amount of water as the protic material. The ALJ correctly found
that Example 3 discloses an experiment in which “all reaction variables were held constant,
except for the amount of protic material (water or methanol).” (ID at 64.) It is clear that the data
in Example 3 shows that yields of 4-ADPA intermediates plummeted as water levels rose above
4%, when aniline is the solvent. (ID at 65, Table 2; see also Exhibit 11, corresponding to RDX
1, depicting the results reported in Example 3). Example 8 is similar to Example 3, albeit with

DMSO as the solvent.’

®  The ALJ incorrectly ignored the express definition and instead focused on Example 10.

However, Example 10 is designed to show an aerobic reaction condition and does not expressly
disclose the amount of water.
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Also figuring in the ALJ’s decision was the fact that “there are a number of reaction
variables” for producing 4-ADPA intermediates (ID at 80) and his conclusion that a person
skilled in the art would understand “the importance of certain reaction conditions for producing
4-ADPA intermediates.” (ID at 81.) The ALJ remarked that one skilled in the art “would
understand that when conditions are applied to the reaction in issue, the amount of protic
material tolerated will vary.” (ID at 91.) Even assuming that it is scientifically possible to
obtain acceptable results using water in excess of 4%, when the solvent is aniline, that fact is not
a legally justifiable reason for ignoring the patentees’ express definition for “controlled amount”
of protic material. Respondents have found no case in which the Federal Circuit has disregarded
a patentee’s express definition of a claim term in favor of what might be scientifically feasible.
In fact, the Federal Circuit has held that the opposite is true. See Watts v. XL Systems, Inc., 232
F.3d 877 (Fed. Cir. 2000). In Watts, the Court stated:

Watts [the patentee] argued that one of ordinary skill in the art
would be aware of myriad ways to effect a scaling connection,
such as by using o-rings. While this may be true, it does not

overcome the fact that the specification specifies that the invention
uses misaligned taper angles.

Id at 883. Thus, the ALJ erred, as a matter of law, by relying on what one skilled in the art might
be able to achieve, rather than the clear and unambiguous 4% water limitation defined in the
patent specification.

Additional sources of the ALJ’s legal error on claim construction in the ID are further
discussed below.

First, the ALJ incorrectly discounted the “about 4% water” limitation, when aniline is the
solvent, because the relevant portions of the patent specifications at issue (which the ALJ

referred to as the “PARAGRAPH” (ID at 59-60)) uses the qualifiers “generally,” “about,” “e.g..”
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(ID at 82, 91.) A careful read of the patent specification indicates that those modifiers merely
acknowledge a point not in dispute — that solvents other than aniline may be used. However,
when aniline is the solvent, the patent states repeatedly and unequivocally, that the amount of
water should not exceed “about 4%.” Overlooked by the ALJ is that the express definition for
“controlled amount” of protic material includes the following statement:

When aniline is utilized as a solvent with the same base [TMAH],

the upper limit is 4% H20 based on the volume of the reaction
mixture.

Ex. 1, ‘063 patent, col. 4, lines 58-60; Ex. 2, ‘111 patent, col. 5, lines 52-55. There is no
qualifying language here: no “e.g,.” no “generally,” nothing to indicate that the 4% limitation is
optional or limited only to specific conditions. Similarly, for much the same reasons, the ALJ’s
conclusions that the 4% water limitation when aniline is the solvent is limited to ambient
conditions is legally incorrect. (ID at 91.) There is simply no basis for such a constrained
reading of that portion of the patent specification. Indeed, the relevant portion of the ‘063
patent — col. 4, lines 32-60 — says absolutely nothing about ambient conditions (or any pressure,

b AN 11

temperature, or oxygen level for that matter). Thus, the patentees’ “about 4%’ water definition
when aniline is the solvent is not limited only to ambient conditions. The ALJ’s contrary
conclusion is based on the testimony of Flexsys’ expert, which testimony cannot be used, as a
matter of law, to alter the express definition of a claim term. Phillips, 415 F.3d at 1318.
Second, the ALJ seems to have incorrectly put weight on the conclusion that “the
patentees did not intentionally define controlled amount of protic material to exclude various
examples in the patent. (ID at 89.) It is well-established that the patentees’ subjective intent is

not a factor in arriving at a claim construction. Phillips, 415 F.3d at 1317. What governs is the

“inventor’s lexicography.” Id.
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Third, the ALJ incorrectly placed weight on the fact that there is no mention of a
numerical maximum amount of protic material in the “Abstract,” “Field of Invention,” “Related
Art,” and “Summary of the Invention” sections, or in the introductory portions of the “Detailed
Description of the Invention” in the patents. (ID at 53-57.) This observation misses the point.
Later on, in the “Detailed Description of the Invention,” the patents expressly define “controlled
amount” of protic material to mean no more than about 4% water, when aniline is the solvent.
An express definition is an express definition, regardless of where it appears in a patent. The
ALJ cites to no case law — nor is there any — requiring an express definition to appear in each
section of a patent, in order to be given force.

Finally, the ALJ described at length both independent and dependent claims that are not
asserted in this investigation. (ID at 50-53.) Although not explicit, the ALJ’s decision may have
been based, in part, on the doctrine of claim differentiation. However, claim differentiation
arguments can only lead, in some limited circumstances, to presumptions regarding claim
construction. When, as here, a patentee defines a claim term, claim differentiation arguments
cannot change that meaning. O.L Corp. v. Tekmar Co. Inc., 115 F.3d 1576, 1582 (Fed. Cir.
1997) (“Although the doctrine of claim differentiation may at times be controlling, construction
of claims is not based solely upon the language of other claims; the doctrine cannot alter a
definition that is otherwise clear from the claim language, description, and prosecution
history.”). In a word, a clear definition “trumps” the doctrine of claim differentiation. Thus, the
express definition for “controlled amount” of protic material cannot be altered for that reason.

B. All Embodiments In A Patent Need Not Be Covered By The Claims

The ALJ appears to have believed that a claim construction must necessarily cover all of

the embodiments in a patent. (ID at 79, 89-90.) On the contrary, the law is clear that not
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everything disclosed in a patent specification must be covered by the claims. Novo Nordisk v.
Genentech, Inc., 77 F.3d 1364, 1369 (Fed. Cir. 1996) (“While claims are to be interpreted in
light of the specification, all that appears in the specification is not necessarily within the scope
of the claims and thus entitled to protection.”).10 Rather, where, as here, there is a clear
definition of a critical claim term, the law requires that the patentees’ definition is binding.
Durel, 256 F.3d at 1304 (court relied on express definition even though it might not cover an
embodiment); c.f. Telemac Cellular Corp. v. Topp Telecom, Inc.,247 F.3d 1316, 1326 (Fed. Cir.
2001) (certain disclosed embodiments describing user initiated communications not included in
claim construction based on teachings in the specification).

1. Example 10 Cannot Change The Express Definition

The ALJ’s claim construction was influenced by the erroneous belief that the claims must
cover original Example 10 in the patents. (ID at 89.) There is no dispute that Example 10 does
not expressly recite the amount of water in the reaction. (ID at 69-70.) The ALJ found,
however, that one skilled in the art could, after making certain assumptions, calculate an
approximate water content of 9-10% for the reaction of Example 10. (ID at 86.) Even assuming
that Example 10 represents an inherent teaching of a reaction using aniline as a solvent and with
water in excess of 4%, the patentees’ express definition of the claim language, with the 4% water
limitation, must control, as a matter of law. The ALJ cited to no case — nor is there any — where

an express definition of a claim term was disregarded in favor of a more expansive, contrary

10" The ALJ relied on Vitronics Corp., 90 F.3d at 1583, for the position that construing a claim

to exclude a preferred embodiment is “rarely, if ever, correct and would require highly
persuasive evidentiary support.” (ID at 89.) However, in Vitronics, unlike the present case,
there was only one embodiment described in the patent. In addition, the express definition for
“controlled amount of protic material” in the present case certainly qualifies as “highly
persuasive” evidence of the proper meaning of the claims.
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definition based on inherent teachings of an example. When confronted with similar facts, the
Federal Circuit has stated that, as between an explicit definition and an inherent disclosure in an
example, the explicit definition governs claim construction, even where that definition would
exclude a preferred embodiment. Durel, 256 F.3d at 1304.

2. The New Matter In The Continuation-In-Part Application For The

‘111 Patent Cannot Change The Express Definition In The ‘063
Patent

The ALJ’s analysis also demonstrates a reluctance to adopt a claim construction that
would exclude Examples 13 and 15 and claim 29,' all found for the first time in the
continuation-in-part ‘111 patent. (ID at 89-90.) However, as discussed below, these examples
and claim 29 cannot undo the express 4% water limitation when aniline is the solvent.

To begin, all of the parties and the ALJ agree that the claim term “controlled amount” of
protic material should be construed the same way in the related ‘063 and ‘111 patents. (ID at 44,
79, n. 24.) Thus, the meaning that term had in the ‘063 patent is binding on the later-filed ‘111
patent. Further, nothing in the new examples and claim first appearing in the continuation-in-
part ‘111 patent should serve to retroactively broaden the meaning of the claims in the earlier
‘063 patent.

The ALJ cited Omega Eng’g, Inc. v. Raytek Corp., 334 F.3d 1314, 1334 (Fed. Cir. 2003)
for the proposition that related applications can be looked to for claim interpretation. (ID at 79

n.24.) However, in Omega, a narrowing disavowal in a parent application was deemed binding

1" Claim 29 of the '111 patent is directed to the amount of water at the beginning of the

coupling reaction and is silent as to the amount of water during the reaction. New example 15,
on which claim 29 is based, describes continuous distillation of water throughout the reaction.
Thus, claim 29 is not inconsistent with the about 4% claim limitation on water content during the
reaction.
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on a later continuation-in-part application. Omega, 334 F.3d at 1333-34. Here, at Flexsys’
urging, the ALJ impermissibly used new Examples 13 and 15 and claim 29 in the later filed ‘111
continuation-in-part patent to reach a broader claim construction that was then made
retroactively applicable to the earlier ‘063 patent. The Omega case does not support such an
incongruous result. Indeed, correctly read, Omega supports construing the claim term
“controlled amount of protic material” in the ‘063 and ‘111 patents without regard to new
Examples 13 and 15 and new claim 29, which appear only in the later ‘111 patent. Omega, 334
F.3d at 1333-34; see also Wang Labs., Inc. v. Am. Online, Inc., 197 F.3d 1377, 1383-84 (Fed.
Cir. 1999) (description of prior art in Information Disclosure Statement filed in parent
application limited claim in later filed continuation-in-part application).

In sum, the ALJ erred, as a matter of law, in arriving at a claim construction based on
either Example 10 of the ‘063 patent or Examples 13 and 15 and claim 29 of the ‘111 patent,
rather than the express definition for “controlled amount” of protic material.

C. The ALJ’s Claim Construction Is Contrary To The Public Notice Function Of
Patent Claims

The claim construction adopted in the ID is contrary to the public notice function of
claims. Based on the patentees’ express definition, the claim term “controlled amount” of protic
material means that when aniline is the solvent, the amount of water must be kept at about 4% or
less. Respondents and the public at large have a right to rely on such a definition that sets forth
the scope of the claimed subject matter. See PCS Computer Prods., Inc. v. Foxconn Int’l, Inc.,
355 F.3d 1353, 1359 (Fed. Cir. 2004) (“one of ordinary skill in the art should be able to read a
patent, to discern which matter is disclosed and discussed in the written description, and to

recognize which matter has been claimed.”); Exxon Chem. Patents, Inc. v. Lubrizol Corp., 64
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F.3d 1553, 1563 (Fed. Cir. 1995, J. Plager, concurring) (“The public generally, and in particular,
the patentee’s competitors, are entitled to clear and specific notice of what the inventor claims as
his invention.”). Indeed, Sinorgchem’s own patents, filed before this Investigation commenced,
distinguished the Flexsys patents on the basis of the 4% water limitation, when aniline is the
solvent. (Ex. 12 corresponding to RX-707; Ex. 4, Tr. 1222:16-23, 1227:2-5, 1229:2-1230:1.)
Similarly, Dr. Fu, Sinorgchem’s expert, explained that anyone skilled in the art, after reading the
entire patents, would come away with the clear conclusion that the patentees had decided, based
on experimental data, that 4% water is the upper limit when aniline is the solvent and TMAH is
the base. (Ex. 4, Tr: 1462; 1-21.) Nothing in the patents or at trial supports a contrary
interpretation of the public record.

The ALJ’s approach to claim construction does a real disservice to the all-important
public notice function of the claims in patents. In Markman, 52 F.3d at 978, the Federal Circuit
stressed the need for the public to have notice of the scope of patent claims. The Supreme Court
agreed with that sentiment, cautioning against a “zone of uncertainty” in patent claims that
would serve to “discourage invention” by others in the field. Markman v. Westview Instruments,
Inc., 517 U.S. 370, 390 (1996).

Unless the erroneous claim construction proffered by Flexsys and accepted in the ID is
corrected, the public would be precluded from relying on the patentees’ express definition of the
claim language, based on the data in Example 3 in the specification directly confirming that
express definition. Instead, under the erroneous claim construction in the ID, the public would
be required to hire experts to perform various calculations (using many underlying, undisclosed
assumptions), relating to all of the examples, and then guess whether the amount of protic
material falls within the minimum and maximum amounts required for a “controlled amount.”

-21 -



PUBLIC VERSION

Finally, as will be discussed further, the ALJ’s claim construction is also flawed because
it results in the asserted claims being indefinite in violation of 35 U.S.C. § 112, 9 2. Under the
ID, contrary to the express “about 4% water” definition when aniline is the solvent, the claims
could cover aniline systems with water reaching any amount, so long as the reaction subjectively
works and the subjectively “desired” selectivity is obtained. Invalidity for indefiniteness
(discussed further in Section V, infr-a) is yet another reason why the ALJ’s claim construction
cannot stand.

V. THE ALJ ERRED IN DETERMINING THAT THE ASSERTED CLAIMS OF
THE ‘063 AND ‘111 PATENTS ARE NOT INDEFINITE

The ALJ accepted the Flexsys construction of the phrase “controlled amount” of protic
material (also referred to herein as “the claim term”) to mean:
the amount of protic material (which is not limited to water) should
be controlled between (1) an upper limit of protic material which is
the amount of protic material beyond which the reaction between
nitrobenzene and aniline (or substituted aniline) is inhibited and (2)
a lower limit of protic material which is the amount of protic

material below which the desired selectivity for 4-ADPA
intermediates is not maintained.

(ID at 78-79.) In support of that claim construction, Flexsys made it clear that the amount of
protic material “must be controlled between a maximum and a minimum in order to obtain high
conversion [yield] of nitrobenzene and to maintain selectivity of the desired 4-ADPA
intermediates. (EXx. 13, corresponding to Flexsys’ Post-hearing Brief, at 3.) Exceeding the
maximum inhibits the reaction of nitrobenzene “to an extent where the reaction is no longer
significant,” (Ex. 1, col. 4, lines 36-37; Ex. 2, col. 5, lines 32-34), i.e., a “low yield” is obtained

(Ex. 1, col. 2, lines 1-2; Ex. 2, col. 2, lines 7-9). Exceeding the minimum maintains the desired

-22.-



PUBLIC VERSION

selectivity and results in a reaction mixture “rich in 4-ADPA intermediates.” (Ex. 1, col. 2, lines
24-26; Ex. 2, col. 2, lines 31-34.)

The ALJ concluded that a person of ordinary skill in the art would not find the claim term
indefinite as construed above. (ID at 119.) To comport with the definiteness requirement of 35
U.S.C. § 112, the amount of inhibition of the reaction defining the “upper limit” of the amount of
protic material and the degree of “desired selectivity” for the desired intermediate products
defining the “lower limit” of protic material must be reasonably clear and definite to one skilled
in the art. To be reasonably clear and definite, “[sJome objective standard must be provided in
order to allow the public to determine the scope of the claimed invention.” Datamize, LLC v.
Plumtree Software, Inc., 417 F.3d 1342, 1350 (Fed. Cir. 2005). Neither the ALJ nor Flexsys
(including Flexsys’ inventors and experts) provided any objective standard for a person of
ordinary skill to determine the amount of inhibition or the degree of desired selectivity
encompassed by the claimed term. Rather, the overwhelming testimony is that the amount of
inhibition and the degree of desired selectivity is entirely subjective. The ALJ’s conclusion on
indefiniteness, therefore, is legally erroneous.

The ALJ concluded that no maximum or minimum limits on the amount of protic
material is set forth anywhere in the specification of the patents-in-suit. (ID at 49, 54, 57-58.)
The ALJ further concluded “that a quantitative definition for the term ‘controlled amount of
protic material” would not be indicated to a person of ordinary skill in the art for interpreting
‘controlled amount of protig material.”” (ID at 79, n.23.) In addition, the ID concluded that the
claim term “is not generally used in chemistry and has no clear meaning to readers.” (ID at 48.)
Despite the fact that the ALJ was unable to find any maximum or minimum limits in the ‘063 or
‘111 patents or any evidence of a quantitative definition at trial, and that the inventors and
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experts all testified that it was a subjective determination, the ID incorrectly concludes “that the
disclosures of the ‘063 and ‘111 patents, supplemented by the prosecution history, do provide an
objective definition for the claimed term . ...” (ID at 118-19.)

A. The Patents Do Not Describe The Upper And Lower Limits Of The Protic
Material

The ALJ incorrectly held that:
the [patent] specifications provide a number of examples through
controlled experiments that would permit said person [one skilled
in the art] to determine the specific upper and lower limits of protic

material for a specific set of reaction conditions and that the
prosecution history even provides calculations. (ID at 116.)

First, the ALJ does not point to a single example that would permit one to determine both
the upper and lower limits of protic material required by the claims. Indeed, although the ALJ
recounts the teachings of all of the various examples in the patents, in none is there a teaching —
express or implied — of both the upper and lower limits for protic material or any objective
criteria for determining such limits. (ID at 62-72.) To be sure, the examples might enable one to
practice the claimed subject matter. However, the enablement and definiteness requirements of
35U.S.C. § 112 are separate and distinct. Miles Labs., Inc. v. Shandon, Inc., 997 F.2d 870, 875
(Fed. Cir. 1993); Personalized Media Commc’ns, LLC v. U.S. Int’l Trade Comm’n, 161
F.3d 696, 707 (Fed. Cir. 1998) (“citation of evidence bearing solely on § 112, § 1 infirmities
does not aid the Commission in supporting the ALJ’s indefiniteness holding under § 112,
2....”). As stated by the Federal Circuit, “[t]he invention’s operability may say nothing about
a skilled artisan’s understanding of the bounds of the claim.” Miles Labs., 997 F.2d at 875.
Thus, the disclosure in the examples does not save the claims from invalidity due to

indefiniteness.
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Second, although the prosecution history provides sample calculations of selectivity and
water content (ID at 73, 74, 76), these calculations provide no objective basis for determining
both the upper and lower limits for protic material in the claimed invention. Calculating a yield,
selectivity, or water content “for a set of reaction conditions” (ID at 116) says nothing about how
to objectively determine the upper and lower limits for protic material. As with the examples,
the prosecution history provides no roadmap, no guideposts, and no explanation for the public to
ascertain the metes and bounds of the claimed invention as construed by the ALJ. Thus, the
underpinnings of the ALJ’s decision on the indefiniteness issue are incorrect.

In sum, the asserted claims are indefinite because there is no “objective way” to
determine whether one is practicing the claimed invention. Datamize, 417 F.3d at 1352. The
failure on the part of the inventors and Complainant’s experts to set forth any objective basis for
determining the scope of the claims, discussed below, further shows that the claims are invalid as
indefinite.

B. Neither Complainant’s Experts Nor The Inventors Provided Any Objective

Standard To Determine The Amount of Inhibition Or The Degree Of “Desired
Selectivity” Encompassed By The Claimed Term

Not only is the ALJ’s finding of an “objective definition” of the claim term unsupported,
it is directly contradicted by every inventor that testified at trial (Drs. Stern, Bashkin, and Rains),
as well as Flexsys’ chemistry expert, Dr. Crich. Flexsys’ inventors and expert repeatedly
asserted that the amount of protic material must be sufficient to provide high conversion of
nitrobenzene, i.e., high yield, and maintain selectivity to produce a “rich” amount of 4-ADPA
intermediates. (Ex. 4, Tr. 444:6-20; 788:20-789:21; 1007:20-1009:1.) But these same witnesses
repeatedly failed to provide a single objective criteria for determining the amount of conversion

or degree of richness encompassed by the claimed term. Id. Moreover, the witnesses candidly
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set forth lists of subjective factors affecting the scope of the claim term. To emphasize the
subjective nature of the ALJ’s erroneous claim construction, a collection of testimony from Drs.
Crich, Stern, Bashkin, and Rains is contained in Exhibit 4, attached hereto.

When asked what the minimum and maximum amounts of protic material were for the
given set of reactive conditions using DMSO as the solvent in Example 8, Dr. Bashkin could not
answer. Example 8 was designed to illustrate the effect the amount of protic material, i.e., the
control of protic material, has on nitrobenzene conversion, yield and selectivity of 4-ADPA
intermediates. (Ex. 1, col. 11, lines 10-13; Ex. 2, col. 12, lines 27-29.)

Q. Can you tell me from the data that’s reported in example 8
what the minimum and maximum amount of protic material
that should be used to obtain acceptable results in terms of
yield and selectivity?

A. ... So we’ve had considerable discussion from both sides that
what’s acceptable depends on the local situation or the
conditions under which one skilled in the art is interested in
practicing this invention. So the answer is that this is one of a
set of examples designed to explain and show and teach how
one skilled in the art can determine optimal examples for his
own personal or company situation, and I wouldn’t presume to
say the best results for someone whose situation I'm not aware
of.

Judge Luckern: So he can’t answer the question.
(Ex. 4, Tr. 2150:1-23.) Thus, it is undisputed that, even for a very specific set of reaction

conditions, Dr. Bashkin, one of the inventors, could not identify the minimum and maximum

amounts of protic material that were within the claimed term.'2

12 Dr. Bashkin’s inability to answer is not surprising given the confusing and inconsistent data

in Example 8. A cursory review of the data for % water, conversion, and yield in Example 8
demonstrates that the optimum amount of protic material approaches zero. Specifically, as the
water in Example 8 decreases, conversion and yield steadily increase. The highest reported yield
and conversion are obtained with the least amount of water. As Dr. Beckman testified,
selectivity “bounces around.” (Ex. 4, Tr. 2050:6-23.) In contrast, when the water is increased
conversion and yield steadily decrease. Thus, based on this data, one of ordinary skill in the art

[Footnote continued on next page]
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When Dr. Bashkin was asked more generally about the amount of protic material that
satisfied the definition of the term “rich” in 4-ADPA intermediates, as used in the patents, his
response was equally deficient. He said it “depends on the circumstances.” He elaborated on the
various circumstances:

Q. What kind of circumstances?

A. It depends on solvent, it depends on the base, it depends on the
temperature, it depends on whether you are running a
continuous or a batch process. It depends on what pressure you
are running it at. It depends on what country you are in and
what the raw materials costs and energy costs are. It depends
on what kind of purification processes are cost-effective for
you or not, et cetera, et cetera. So it is an economic and
business decision, as much as a chemistry decision, or even
more so. And that’s why it is left to — it has to be left to the
individual practitioner, if they feel the chemistry is effective
enough to practice, and practice it, then they have made the
decision that it is rich enough for their purposes.

Q. And that determination depends upon at least the factors that
you just enumerated, correct?

A. Well, those are example factors.

(Ex. 4, Tr. 400:17-401:21.) Again, Dr. Bashkin provided no objective basis for determining the
metes and bounds of a “controlled amount” of protic material.

Dr. Rains, a named inventor on the ‘111 patent and an expert for Flexsys, testified
similarly. The term “controlled amount,” according to Dr. Rains, implied a reaction product that
is “rich” in 4-ADPA intermediates, indicating a “high yield or high selectivity.” (Ex. 4, Tr.
788:20-789:21.) When explicitly asked about the amount of richness covered by the patent

claims, Dr. Rains responded that it was “implicit” and “subjective:”

[Footnote continued from previous page]

would conclude that the highest yield and conversion are obtained with minimal or even zero
amounts of water, i.e., less than 2%. However, the patents do not provide data where water is
less than 2%. Id. Attached, as Exhibit 14, is a chart summarizing the data in Example 8.
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Q. And nowhere in these claims, claim 30, claim 61 or claim 1 is
there any limitation on the yield of product that’s stated in
those claims, is there?

A. It is implied if you want to achieve a product that is rich in the
4-A[DPA] intermediates, which would indicate a high yield or
high selectivity, that’s implied in the discussion of controlled
amount, the presence of a controlled amount of protic material,
which discusses that particular issue.

Q. Let’s look at claim 30. You are talking about, there is language,

the presence of a controlled amount of protic material, that’s in

step B, correct?

That is correct.

And you are saying that that is an implied yield requirement?

Discussion in the text talks about controlling the amount of

material between a minimum and a maximum to maintain

selectivity and to, in the upper limit, to keep the reaction from
going, from stopping. So you want to operate in that range
and you want to operate in a range to maintain the selectivity,
which is a high selectivity, so that it is rich in 4-A[DPA]
intermediates.

>0 >

(Ex. 4, Tr. 788:20-789:21; see also Tr. 789:22-791.5.) Rains clearly conceded that the amounts
of yield or richness covered by the patent claims was entirely subjective:

Q. What is the amount of yield that should be, in your view, read
into this claim?

A. It is a subjective number. You can’t put an absolute number on
it because it depends on a number of circumstances. And what
might be acceptable for one company may be too low for
another company, so it really depends on circumstances.

Q. Can you give me any more definite statement than that as to
what the yield would be of 4-ADPA that would be related to
the controlled amount of protic material?

A. Not at this time, no.

Q. What is the lowest percentage of yield or selectivity that in
your view would fall within the patent claims as you are
defining?

A. Ican’t put a number on it. Again, it is a subjective number.

(Ex. 4, Tr. 789:22-791.5; see also Tr. 793:24-794.9.) Rains further testified that as long as the

process achieved “practical results,” it would be understood as using a “controlled amount” of
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protic material. (Ex. 4, Tr. 788:20-793:23). Rains, however, could not identify what yield would
represent “practical results” and that the definition besides being subjective was relative,
depending on many factors, such as location and labor costs:
Q. But you can’t say where that point is?
A. No, because what’s practical someplace may not be practical
somewhere else. If you have a very low labor cost, you can
afford to have a lower selectivity because you can make it up
on labor cost. I mean, as an example. So there is no definitive
number on what is impractical.

Q. That’s because rich is a relative term, right, sir?
A. Yes itis.

(Ex. 4, Tr. 793:24-794:9.) Dr. Rains further admitted that Flexsys’ conversion and richness
limitations; i.e., the maximum and minimum amounts of protic material, depend upon “a number
of circumstances” such as “labor costs.” (Ex. 4, Tr. 789:22-791:5.) As noted, Dr. Rains
ultimately admitted that Flexsys’ proposed claim construction, which was adopted by the ALJ, is
purely subjective. (Ex. 4, Tr. 144:6-20; 790:3-791:5.)

At the hearing, inventor Dr. Stern also acknowledged there is no objective standard that
would allow the public to determine the scope of the claim term. In fact, Dr. Stern was not even
able to provide a coherent answer as to whether the experiments set forth in Example 3 of the
‘063 patent were conducted with a “controlled amount” of protic material. (Ex. 4, Tr. 614:14-
618:7.) According to Dr. Stern, although Example 3 demonstrates a relationship between the
amount of controlled material and yield and selectivity of the reaction, he was unable to provide
a clear answer as to which reactions in Example 3 produced sufficient yield and selectivity to fall

within the “controlled amount™ claim limitation.
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The testimony of Flexsys’ retained expert, Dr. Crich, was no different. Like Drs. Rains,
Bashkin and Stern, Dr. Crich could not identify any objective criteria for determining the level of
yield or richness required by the Flexsys’ construction of the term “controlled amount™:

Q. In the context of the ‘063 and ‘111 patents, what is an
optimized yield?

A. An optimized yield is a good yield. 1f you were to look at the
yield of the invention, you would see that the amount of protic
material is controlled to provide a mixture rich in the 4-ADPA
intermediates.

Q. And what’s a good yield in terms of numerical values?
A. It all depends what you 're seeking to do.

(Ex. 4, Tr. 1007:20-1008:5.)

As the above testimony overwhelmingly indicates, if the inventors and experts cannot
determine whether specific examples in the patents produce enough yield and selectivity to fall
within the scope of the claim term, the public certainly cannot determine what process would
meet this subjective limitation.

C. The Datamize Decision Is Controlling

The ALIJ found that Datamize was distinguishable on its facts. (ID at 118.) As described
in the ID, the court in Datamize concluded that appellant had offered no objective definition
identifying a standard for determining when an interface screen is “aesthetically pleasing.”
Datamize, 417 F.3d at 1350-51. The ID, however, fails to explain any meaningful difference
between the lack of objective standards in Datamize for the phrase “aesthetically pleasing” and
the lack of objective standards in the Flexsys’ patents for a “controlled amount” of protic
material.

The similarities between the claim term here and in Datamize are striking. In Datamize,

the patentee argued that the claim term “aesthetically pleasing,” applied to the process of

-30-



PUBLIC VERSION

defining a “desired result” and not the actual process itself. Datamize, 417 F.3d at 1349. The
Federal Circuit held that the desirability of the “aesthetically pleasing” result does not alter the
inherent subjectivity of the term. Datamize, 417 F.3d at 1349-50. Similarly, the ALJ here
concluded that the term “controlled amount” of protic material requires obtaining a “desired
selectivity.” As in Datamize, however, the desirability of obtaining that result does not alter that
“desired” selectivity is inherently subjective.
In Datamize, the patentee cited statements within the specification describing advantages

over the prior art and examples of aesthetic features. The Federal Circuit stated:

In general, neither of these statements nor any others in the written

description set forth an objective way to determine whether an

interface screen is “aesthetically pleasing.” The description of the

advantages of the invention indicates that there are “good

standards of aesthetic,” which of course implies that there are also

standards of aesthetics that are “not good.” The inventor does not

attempt to explain what distinguishes the two, except to say that

experts, specialists, and academics may have views that are
influential in determining what aesthetic standards are good.

Datamize, 417 F.3d at 1352. Similarly, the ALJ here concluded that the “Background of the
Invention” and the “Summary of the Invention” sections of the Flexsys patents inform the public
that the amount of protic material (e.g., water) is controlled to produce a mixture that is “rich in
4-ADPA intermediates.” (ID at 53-56) (emphasis in original). This, of course, implies that there
are also amounts of protic material that produce mixtures that are not “rich.” The specifications
of the ‘063 and ‘111 patents do not attempt to define “rich.” Rather, the ALJ simply concludes
that “a person ‘experienced in the field’ of the invention in issue, and not merely a person with
no chemical background, would understood [sic] the meaning of ‘controlled amount of protic
material’ in view of the claims and the specifications of the ‘063 and ‘111 patents and the

prosecution history.” (ID at 119.) As in Datamize, however, these statements fail to set forth an
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objective way to determine whether an amount of protic material produces a mixture that is
“rich.”

In Datamize, the patentees presented experts attempting to “identify parameters that one
skilled in the art might reference when attempting to determine whether an interface screen is
‘aesthetically pleasing.”” Datamize, 417 F.3d at 1354. The Federal Circuit rejected the experts’
declarations, noting that “[t]he inability of the expert to use the parameters he himself identified
to determine whether an interface screen is ‘aesthetically pleasing’ militates against the
reasonableness of those parameters as delineating the metes and bounds of the claim.”
Datamize, 417 F.3d at 1354. Similarly, as discussed above, Flexsys presented three inventors,
Drs. Stern, Bashkin, and Rains, as well as a chemistry expert, Dr. Crich, all of whom attempted
to identify parameters that affect the degree of desired richness and yield. Therefore, as in
Datamize, the inability of the inventors and experts to determine which sets of reaction
conditions encompassed by the claims demonstrates the subjectivity of the metes and bounds of
the claim term.

D. The Exxon Decision Supports A Finding Of Indefiniteness
The ALJ found that Exxon Research & Eng’g Co. v. United States, 265 F.3d 1371 (Fed.

Cir. 2001) supports a holding that the claimed term is not indefinite. The ID, however, fails to
note key differences between the specifications at issue in Exxon and the specification of the
‘063 and ‘111 patents.

In Exxon Research, the specification provided an objective standard for the claim term at
issue, “substantially increased,” by setting forth a numeric definition of “at least about 30%" and
was thus found not indefinite on that basis. Exxon Research, 265 F.3d at 1377. Not only do

Flexsys’ patents fail to provide any numeric limitation on “selectivity,” “high yield,” or
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“richness,” all of Flexsys’ experts consistently failed to demonstrate the presence of any
objective standard at trial. (Ex. 4, Tr. 444:6-20; 1007:20-1009:1.) Thus, according to Exxon
Research, without an objective standard, such as a numerical limitation, Flexsys’ claims are
indefinite as “insolubly ambiguous” because one of ordinary skill would not understand “the
bounds of the claim.” Exxon Research, 265 F.3d at 1375. This result is particularly correct
when the inventors themselves do not understand “the bounds of the claim.” Id. Therefore,
Exxon Research supports a finding of indefiniteness rather than definiteness.

Another basis for the Federal Circuit’s refusal to find indefiniteness in Exxon Research
was the fact that the claim term at issue was — unlike in this case — not a “critical feature” of the
invention. Citing the C.C.P.A.’s decision in In re Jolly, 172 F.3d 566, 569 (C.C.P.A. 1949), the
Exxon Research court explained:

In re Jolly concerned an indefiniteness rejection based on similar
claim language, “a time sufficient to produce a substantially
homogeneous product but insufficient to cause the formation of a
substantial proportion of oil-insoluble reaction products.” The
court there found that since the time of reaction was taught to be
critical, the claims must recite a time range for the sulfurization
step at issue. While an upper time limit was recited, at least in
some claims and in the written description, there was no lower
limit recited. For that reason, the court affirmed the examiner’s
rejection, stating that “[s]o far as the time of reaction is concerned,
it seems to us that all that appellant’s specification teaches those
skilled in the art is to experiment and find out for themselves how
much time will be required where different amounts, or
proportions, of nitriles and sulfur are used.”

Exxon Research, 265 F.3d at 1379.
Like the claim term at issue in Jolly, the term “controlled amount” of protic material is

clearly a critical feature of Flexsys’ patents. The fact that this term is a critical feature is

-33-



PUBLIC VERSION

evidenced by the specification of the patents and the file histories. For example, during
prosecution, the patentees distinguished the prior art by stating:
It was applicants who discovered the criticality of controlling the
amount of protic material present in the reaction of aniline or
substituted aniline derivatives with nitrobenzene. Specifically,
neither reference teach controlling the amount of protic material

during the reaction by either use of a desiccant or continuous
distillation.

(Ex. 3, Preliminary Amendment for the ‘111 patent at FA030987.) The specification further
emphasizes the criticality of the claim term. (Ex. 1, col. 4, lines 30-31 (“Control of the amount
of protic material present in the reaction is important™) and col. 9, lines 20-21 (“This example
illustrates that control of the amount of protic material present in the reaction is important.”).)
Moreover, the court in Jolly noted that the indefinite character of the claim term at issue
was further evidenced by the fact that the meaning of the term would depend on a large number
of variable combinations. Jolly, 172 F.2d at 570. As in Jolly, the ALJ requires the public to
examine a large number of variable combinations to determine the level of selectivity that falls
within the scope of a “controlled amount” of protic material. Even after investigating this large
number of variables, one skilled in the art would still have no objective standard to determine
whether the level of selectivity is within the scope of a “controlled amount” of protic material.”
The asserted claims are invalid due to indefiniteness under 35 U.S.C. § 112.

VI. THE ALJ COMMITTED LEGAL ERROR IN HIS FAILURE TO FIND THE
ASSERTED CLAIMS INVALID OVER THE PRIOR ART

It was undisputed that three-step commercial processes for making 6PPD were known for
many decades prior to 1990. (Ex.1, col. 5, lines 48-62 and col. 6, lines 3-6; Ex. 3, col. 7, lines
31-42; Ex. 4, Tr. 358:8-359:17; 589-592; 726:16-728:24; 731:1-732:12; 769:2-770:9; 787:18-

788:19; 1888:16-1894:11.) In those old processes, step (1) was coupling aniline and PCNB to
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form 4-ADPA intermediates; step (2) was reduction thereof to 4-ADPA; step (3) was alkylation
of 4-ADPA to 6PPD. The only arguably novel step in the asserted claims, as compared to the
known three-step'® commercial processes, was the use of the chlorine-free reaction of aniline
with nitrobenzene, rather than with p-chloronitrobenzene (“PCNB”), in the presence of a base, as
steps (a) and (b) of the asserted claims, to form the 4-ADPA intermediates. That chlorine-free
first step is what Woh! (Ex. 18) clearly teaches, as explained below.

The ALJ’s determination that the asserted claims were not obvious in light of the prior
known commercial processes for making 4-ADPA and 6PPD, combined with the 1903 Wohl
paper, flowed directly from both his refusal to apply his own findings regarding the problem
facing the industry in the late 1980s and the clear motivation to combine Wohl’s chemistry with
the known commercial processes (ID at 10-11 and 13-14) when he considered Respondents’
invalidity argument. In addition, the ALJ’s decision was the result of his legally impermissible
conclusion that Wohl did not disclose reacting aniline and nitrobenzene in the presence of a base
and a “controlled amount” of protic material to make a 4-ADPA intermediate according to the
first two steps (a) and (b) of the asserted claims. (ID at 110-12.) That conclusion by the ALJ
was directly contrary to the conclusion of all of the tribunals that have looked at that issue. The
ITC Staff also agreed that Wohl disclosed steps (a) and (b) of the asserted claims. (Ex. 17, Post-
Hearing Brief of the Commission Investigative Staff, at 38.)

In addition, the ALJ’s determination of nonobviousness of the asserted claims: (1) was

inconsistent with his earlier determination regarding the breadth of the asserted claims and

13 Steps (a) and (b) of the asserted claims of the ‘063 and '111 patents correspond to the coupling
step (1) of the prior commercial processes.

-35-



PUBLIC VERSION

(2) ignored both the clear teachings of and admissions in the asserted patents and other binding
admissions made by Monsanto-Flexsys during prosecution. More specifically, the ALJ
committed clear legal error when, after construing the claims broadly as not requiring any
particular yield or selectivity for the 4-ADPA intermediates, he determined that combining Wohl
with the other well-known commercial steps for making 4-ADPA and 6PPD was not obvious,
primarily because Wohl reported relatively low yield and selectivity. The 1903 Wohl paper
does, however, describe steps (a) and (b) of the ‘063 and ‘111 patents and, in combination with
the known prior commercial processes for making 6PPD, makes obvious the asserted claims of
the ‘063 and ‘111 patents.

The ALJ also (1) improperly relied on proposed but unproven explanations of reaction
mechanisms instead of the scientific disclosure of Wohl and (2) improperly accepted and relied
on testimony by Flexsys’ witnesses that was inconsistent with or contradicted explicit statements
made in the patents and the patent prosecution history. Those prior statements were admissions
on which the public has a right to rely.

To establish obviousness requires: (1) all the claim limits must be found in the prior art;
(2) there must be a motivation to combine the prior art to arrive at the claimed invention; and (3)
there must be a reasonable expectation of successfully combining the prior art. Boehringer
Ingelheim Vetmedica, Inc. v. Schering-Plough Corp., 320 F.3d 1339, 1354 (Fed. Cir. 2003).
Respondents satisfied these requirements by substantial evidence but the ALJ ignored the

evidence and committed legal error.
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A. The ALJ Ignored The Substantial Contemporary Evidence Of Motivation To
Combine And Is Thus Legally Flawed

The ALJ improperly concluded, without any citation to the record, that the motivation to
combine the Wohl aniline-nitrobenzene reaction with the well known second and third
commercial process steps for making 4-ADPA and 6PPD was “motivated solely by hindsight.”
(ID at 113.) The ALJ’s use of the convenient legal buzzword “hindsight,” however, cannot
vitiate the Federal Circuit’s consistent statement that a court “may find a motivation to combine
prior art references in the nature of the problem to be solved.” Ruiz v. A.B. Chance Co., 357 F.3d
1270, 1276 (Fed Cir. 2004). See also Display Techs., Inc. v. Paul Flum Ideas, Inc., 282 F.3d
1340, 1346-47 (Fed. Cir. 2002); In re Huang, 100 F.3d 135, 139 n.5 (Fed. Cir. 1996); Pro-
Mold v. Great Lakes Plastics, 75 F.3d 1568, 1573 (Fed. Cir. 1996).

Respondents’ proof of the nature of the problem to be solved was not derived from
“hindsight,” as the ALJ improperly concluded, but came in the form of contemporaneous (1990
and earlier) evidence, including the patentees’ own admission of the problem Monsanto
management provided to Dr. Bashkin and other scientists in Monsanto’s research department in
1990. The problem was to eliminate chlorine and associated byproducts resulting from use of
PCNB in the process of synthesizing 4-ADPA intermediates. According to the legal standard
established by the Federal Circuit, the record evidence of this problem, not improper “hindsight
analysis,” establishes motivation to combine Wohl, a chlorine-free method of producing 4-
ADPA intermediates, with the standard reduction and alkylation processes that are steps (c) and
(d) of the asserted claims.

The evidence at the hearing showed that by about 1990, but not before, Monsanto had
determined that it was no longer feasible to continue using its decades-old process for preparing
4-ADPA and 6PPD because of the generation of large amounts of chlorinated waste. To change
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commercial processes was a very expensive undertaking. However, once Monsanto developed
the will in 1990 to switch to an environmentally cleaner 4-ADPA process, the way to do so was
quickly and obviously apparent.

Conceptually, the ‘063 and ‘111 processes differ from the prior art Monsanto commercial
process by nothing more than simply using an unchlorinated material, nitrobenzene, in place of
the PCNB that had been previously used by Monsanto. In addition, by the use of this conceptual
modification, there was no need to tinker with the reduction and alkylation steps already known
and used at Monsanto in order to implement the technology of the ‘063 and ‘111 patents.
However, while this concept provided a solution to Monsanto’s chlorinated waste problem, it
was neither novel nor patentable in 1990. Long before, Wohl had shown that a 4-ADPA
intermediate could be produced by the direct coupling of nitrobenzene and aniline.

The ALJ improperly ignored the substantial evidence Respondents submitted on this
point. Worse, the ALJ ignored his own factual findings regarding the state of the industry and
the motivation to combine the Wohl aniline-nitrobenzene reaction in the late 1980s. In that
regard, the ALJ explained the preexisting method for making 4-ADPA intermediates by reacting
aniline with PCNB. (ID at 10-11.) The ALJ also explained the then-recent need, for
environmental reasons, to eliminate the production of chloride byproducts, a problem solved by
reacting aniline with nitrobenzene instead of chloronitrobenzene. (ID at 13-14). This is exactly
the solution offered by Wohl, making it obvious for one skilled in the art to combine Wohl with
the well known, existing commercial reduction and alkylation steps to make 4-ADPA and 6PPD.
This is the record compelling evidence of motivation to combine that the ALJ improperly

ignored his determination on obviousness.
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Moreover, Flexsys did not introduce evidence that the new problem facing Monsanto in
1990 — the need to eliminate chloride wastes — was an old one. The totality of the evidence was
to the contrary; chloride wastes did not become a motivating factor until 1989 or 1990. (Ex. 4,
Tr. 205:4-206:15; 595:18-596:1; 721:18-722:5; 1877:10-1878:22.) Indeed the internal memos
that Flexsys relied upon unequivocally show that Monsanto continued to research
“improvements” to its chloride waste producing PCNB-based process as late as 1988-1990. (Ex.
4, Tr. 676:1-16; 681:16-683:25; 689:3-690:6; 692:1-19.) Therefore, the ALJ’s one sentence
conclusion that no one in the eighty-eight years after 1903 “ever considered using the Wohl
reaction as a starting point for making 4-ADPA” (ID at 113) is without any legal relevance. The
mere fact that Wohl was published eighty-five years before the claimed invention is not by itself
of any legal relevance, since the motivation to combine Wohl did not arise until 1990. B.F.
Goodrich Co. v. Aircraft Braking Sys. Corp., 72 F.3d 1577, 1583 (Fed. Cir. 1996) (“The failure
of others was not found to be significant because there was only a brief time period during which
manufacturers sought a solution to the problem of increased carbon utilization in aircraft
brakes.”); Tex. Instruments, Inc. v. U.S. Int’l Trade Comm’n, 988 F.2d 1165, 117 (Fed. Cir.
1993) (“Long felt need is analyzed as of the date of an articulated identified position and
evidence of efforts to solve that problem.”).

The ALJ found that those skilled in the art would not be motivated to use the Wohl
process because it primarily taught the production of phenazine and other ortho-substituted
products and only a small percent of p-nitrosodiphenylamine by a “side reaction.” (ID at 111.)
However, this is clearly erroneous in light of undisputed testimony by Dr. Beckman and work in
2000 by Complainant’s own chemist, Mr. Triplett. Indeed, those skilled in the art faced with the
problem of seeking a replacement for the existing commercial process would not be disturbed or
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dissuaded by the fact that Wohl’s example produced a low yield or that the reaction was
characterized as a “side reaction.” Testimony by Dr. Beckman showed that those skilled in the
art would recognize that Wohl was not trying to optimize his process, but rather to produce
sufficient product in sufficiently pure form that it could be analyzed and identified — and that
Wohl succeeded in doing just that. Dr. Beckman’s testimony, with which Flexsys’ expert Dr.
Rains concurred, is that those skilled in the art would readily be able to “tinker” with the
conditions of the Wohl example to improve the results. (Ex. 4, Tr. 784:18-785:4; 1967:2-11.)
This is confirmed by the work of Flexsys’ chemist Mr. Triplett in 2000. (Ex. 4, Tr. 45:14-46:7,
783:11-784:9; 1971:13-1974:4.)"

In summary, there can be no doubt on the record that Wohl taught a chlorine-free means
of producing a 4-ADPA intermediate. (Ex. 4, Tr. 379-382; 1871; 1966:14-1967:1; 2114:2-
2117:4.) This fact is corroborated by objective, unbiased evidence in a text on organic synthesis
methods which republished the Wohl aniline-nitrobenzene reaction as the recognized method of
making 4-nitrosodiphenylamine (4-NODPA). (Ex. 4, Tr. 1219:6-24; 1923:18-1926:20.) Dr.
Stern and others agreed that removal of chlorine from the existing process was “conceptually
obvious” and exactly what Wohl did. (Ex. 4, Tr. 222:11-224:7; 595:15-596:17; 733:18-738:18;
1952:20-1955:6.) Given the primary motivation at the time — elimination of chlorine from the

existing processes — and that Wohl taught a chlorine-free means of producing a 4-ADPA

14 Triplett had a master’s degree in chemistry and some industrial experience. On setting to

work on the Wohl process, Mr. Triplett ran it successfully. He was able to analyze the resulting
product and determined that the Wohl experiment not only produced 3% 4-NODPA but also
produced 6% of 4-NDPA, making the actual yield of 4-ADPA intermediates about 9%. Then, in
only three experiments, by lowering the temperature, decreasing the amount of base, and adding
a second solvent, he increased the yield and selectivity to “high” levels.
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intermediate, one skilled in the art would unquestionably have been motivated to use the Wohl
reaction in combination with the long-established reduction and alkylation reactions. (Ex. 1, col.
1, lines 23-43; Ex. 4, Tr. 733:18-738:18, 1952:20-1955:6.)

Therefore, the motivation for combining Wohl with the previously known reduction and
alkylation steps is clearly found in the nature of the problem to be solved and should not have
been subject to the ALJ’s unreasoned “hindsight analysis™ label.

B. The Wohl 1903 Paper Discloses Every Element Of Steps (a) And (b) Of The
Asserted Claims

The ALJ also erred by his improper determination, explained below, that Wohl does not
disclose the making of 4-ADPA intermediates according to steps (a) and (b) of the asserted
claims. (ID at 113.) The finding of nonobviousness is hence fatally infected with that additional
fundamental legal error. )

Wohl reports the reaction of aniline and nitrobenzene in the presence of “suitable base”
as defined in the patents (sodium hydroxide) to produce a 4-ADPA intermediate, 4-NODPA;
Wohl reported the use of aniline in molar excess of nitrobenzene, which the patents describe as
the preferred “suitable solvent system” (Ex. 1, col. 3, lines 41-43); Wohl employed a suitable
temperature as defined (Ex. 1, col. 4, lines 9-12); and Wohl controlled the amount of protic
material by distilling off the water after it was formed during the reaction (Ex. 4, Tr. 2117-2119).
Wohl thus discloses every element of steps (a) and (b) of all of the asserted claims.

In determining whether a reference discloses an invention so as to anticipate it, the law
requires that the reference be compared to the patent claim at issue. In re Paulsen, 30 F.3d 1475

(Fed. Cir. 1994) (every limitation of the claimed invention must be disclosed in the prior art

reference). As previously noted and pertinent in this regard, the ALJ adopted an expansive and
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subjective claim construction; as the ALJ determined, “none of said claims (1) specify . . . what
specific base or specific solvent is used with the ‘controlled amount of protic material,” (2)
define ‘controlled amount’ . . . or (8) specify any selectivity in products as it relates to the
claimed term ‘controlled amount of protic material.””” (ID at 49-50.)

The ALJ then committed clear legal error when he later concluded, directly contrary to
his broad claim interpretation, that Wohl did not control the amount of protic material because
“he evaporated all of the water from his reaction and did not maintain the minimum amount of
selectivity of the desired 4-ADPA intermediate.” (ID at 111-12.) First, this reasoning ignores
the explicit statement in the patent itself, from the PARAGRAPH, that “the present reaction
could be conducted under anhydrous conditions,” i.e., without water. (Ex. 1, col. 4, lines 46-48;
ID at 59.) In other words, the “minimum” can be no water. Second, Flexsys’ own inventor-
expert witness (Bashkin) agreed that Wohl maintained control over protic material during the
course of the aniline-nitrobenzene reaction. (Ex. 4, Tr. 2117-2119.) Third, the fact that Wohl
got low selectivity for the “desired” para-product cannot possibly support the ALJ’s
determination that Wohl does not teach steps (a) and (b) of the asserted patent claims, given the
ALJ’s determination that the claims are so broad that they do not “specify any selectivity in
products.” (ID at 50.)

Flexsys admitted that Wohl reports the production of a 4-ADPA intermediate by
combining aniline and nitrobenzene; Flexsys’ expert so admitted under cross-examination at the
hearing. (Ex. 3 at FA030986; Ex. 4, Tr. 2116.) The other evidence was also compelling on this
point (Ex. 1, col. 3, lines 48-52; Ex. 4, Tr. 325:12-326:8; 776:15-17; 1902:18-1903:1; 1944:7-
24.) Nonetheless, the ALJ incorrectly determined that Wohl “does not disclose that the
nitrobenzene and aniline react with one another to produce [4-ADPA intermediates].” (ID at
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110.) Also, the ALJ seems to have wrongfully accepted the proposition that the inventors named
on the ‘063 patent, Stern and Bashkin, had “discovered” a “novel reaction” of aniline,
nitrobenzene, and base to form 4-ADPA intermediates. (ID at 21.) However, before the subject
patents were published, a reviewer in the field of classical synthetic organic chemistry (Ex. 8,
corresponding to RX 857, SCS014061 and 014063; Ex. 9, corresponding to RX 857A)
identified — and quoted — the 1903 Wohl process as the accepted published route to form the 4-
nitroso intermediate of 4-ADPA directly from aniline and nitrobenzene in the presence of
sodium hydroxide (NaOH) as base. (Ex. 8 at SCS014063, n.1; Ex. 4, Tr. 1870:7-16.) The ALJ
ignored this evidence'® on the understanding of Wohl in the art, making the ALJ’s apparent
finding that Wohl could not be understood to disclose a reaction of aniline and nitrobenzene only
by improper “hindsight” analysis (ID at 110) clearly erroneous. The ALJ’s finding that Wohl
does not describe steps (a) and (b) of the asserted claims is unfounded in view of the
understanding of the disclosure of Wohl by unbiased academics.

Equally important, Monsanto admitted during prosecution before the USPTO that Wohl
(1) discloses “the reaction of aniline with nitrobenzene in aniline solvent using NaOH as base
under ‘anhydrous’ conditions” and (2) identifies a “product of this reaction of aniline with
nitrobenzene as p-nitrosodiphenylamine.” (Ex. 3 at FA030986.) Such an admission during

prosecution is “binding” on Monsanto-Flexsys and it was further legal error for the ALJ to

I35 The Welcher 1947 text is prior art (Ex. 8 at SCS014063). The 1992 Manual of Organic
Synthesis refers to that prior art (Ex. 8 at SCS014062, n.2) and attaches the pertinent portions
(Ex. 8 at SCS014063). While the Manual itself is not technically prior art, it is a “later
publication” that is properly considered as “evidence of the state of the art exiting on the filing
date of an application.” In re Donohue, 632 F.2d 123,126 (C.C.P.A. 1980); see also Plant
Genetic Sys. v. DeKalb Genetics Corp., 315 F.3d 1335, 1344 (Fed. Cir. 2003); In re Hogan, 559
F.2d 595, 605 (C.C.P.A. 1977) (citing In re Wilson, 311 F.2d 266 (C.C.P.A. 1962)).
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ignore this binding admission. Springs Window Fashions, LP v. Novo Indus. LP, 323 F.3d 989,
995 (Fed. Cir. 2003) (“The public notice function of a patent and its prosecution history requires
that a patentee be held to what he declares during the prosecution of his patent); Digital
Biometrics, Inc. v. Identix, Inc., 149 F.3d 1335 (Fed. Cir. 1998) (“definitive statements made
during prosecution” are binding); Tyler Refrigeration v. Kysor Indus. Corp., 777 F.2d 687, 690
(Fed. Cir. 1985). Moreover, using the same expansive claim construction adopted by the ALJ
(ID at 49-50), i.e., that the asserted claims do not require any specific yield or selectivity, the
European Patent Office and the Korean courts — all of the other tribunals ruling on the novelty of
the subject matter of steps (a) and (b) of the asserted claims — uniformly and correctly found
claims corresponding to steps (a) and (b) of the asserted claims to be fully described or
anticipated by Wohl.'® (Ex. 5, corresponding to RX 835, at FA008913 at X and FA008914 at 2.1
and 2.2 re E1 (the 1903 Wohl paper); Ex. 6, corresponding to RX847, at 09135T and 09148T;
and Ex. 7, corresponding to RX848, at 09159T at (2) and 09168T at (C).)

The ALJ’s evidentiary conclusion that Wohl “wanted to maintain anhydrous conditions
to get nitrobenzene to react with NaOH” (ID at 113) is nowhere stated in Wohl; nor is that
conclusion supported by the cited testimony of inventor/expert witness Bashkin (Ex. 4, Tr. 331).
Also, the ALJ’s impermissible decision — given the prior admission to the contrary during
prosecution to the USPTO — that Wohl does not teach the reaction of aniline and nitrobenzene to
form 4-nitrosodiphenylamine seems to be based, at least in part, on the legally improper

conclusion that Wohl did not understand the exact mechanism by which nitrobenzene and aniline

16 The ITC Staff also reached this same conclusion after the hearing and so stated in its Post

Hearing Briefs.
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react “in the presence of a suitable base,” NaOH in Wohl’s case. Wohl may have misunderstood
the mechanism and the Monsanto inventors may or may not have gotten it right (Ex. 4, Tr.
537:25-538:22; 2056:1-2057:13). But all that is legally irrelevant. The patents themselves
neither disclose nor claim any particular reaction mechanism. (Ex. 4, Tr. 438:14-20.) The law is
clear on this point: “the discovery of a previously unappreciated property of a prior art
composition, or of a scientific explanation for the prior art’s functioning, does not render [an] old
composition patentability new to the discoverer.” Atlas Powder Co. v. IRECO Inc., 190 F.3d
1342, 1347 (Fed. Cir. 1999); see also Verdegaal Bros., Inc. v. Union Oil Co., 814 F.2d 628, 630
(Fed. Cir. 1987). So it does not matter whether or not Drs. Stern or Bashkin were the first to
correctly understand how the Wohl reaction of aniline and nitrobenzene worked."”

The ALJ found that Wohl does not teach a “suitable solvent system.” (ID at 111.) This
conclusion was contrary to Flexsys’ representations to the PTO during prosecution. This
conclusion is also contrary to the explanation in the patent itself, which expressly teaches that
aniline in molar excess over nitrobenzene is the preferred “suitable solvent system.” (Ex. 1,
col. 3, lines 42-43.) Flexsys’ expert witness did not dispute at trial that Wohl employed a
“suitable solvent system.” (Ex. 4, Tr. 1010) (a solvent system is suitable if it brings nitrobenzene
and aniline into reactive contact so that they can react.) Moreover, Flexsys’ witnesses admitted
that Wohl used aniline in 30% excess over nitrobenzene (Ex. 4, Tr. 381:11-15; 434:7-17; 437:11-

18; 466:17-467:11; 596:12-24; 777:11-16; 1871:6-1872:5; 1902:18-1907:4; 1984:23-1998:20;

17 Even the ALJ expressly recognized this earlier in his decision. (ID at 33) (claiming he was

not relying on the inventors’ expression of the mechanism “for any anticipation” but solely “in
support of the technical prong of the domestic industry argument”). But the ALJ conveniently
and erroneously failed to apply this rule when he arrived at the invalidity section of the ID.
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2114-16.), which the patent defines as the preferred solvent system. Also, it was undisputed at
trial that there is even less aniline relative to nitrobenzene in Example 3 than in the published
Wohl experiment. (Ex. 4, Tr. 777:22-778:24.) And, as explained above, Flexsys told the Patent
Office that Wohl used aniline as the solvent. (Ex. 1, col. 3, lines 41-43, col. 4, lines 28-32; Ex. 3
at 7; Ex. 4, Tr. 777:11-16; 779:12-22; 1941:7-1942:6.) Again, it was legally impermissible for
the ALJ to ignore that binding admission on this point.

Wohl discloses a process that meets all the limitations of steps (2) and (b) of the four
asserted claims. It would have been obvious to those skilled in the art in 1990 to combine the
Wohl process with the then-existing commercial reduction and alkylation steps for producing 4-
ADPA and 6PPD, particularly since the patent claims are not limited to a process that produces
4-ADPA intermediates in high yield or selectivity.

The asserted claims of the ‘111 patent add only the well known concept that control of
the amount of protic material was accomplished by continuous distillation. Indeed, Wohl
described such continuous distillation to remove water by operating at 120°C. Also, continuous
distillation was a well known method to remove a reaction product of the coupling reaction
(water) and drive the coupling reaction to higher yields according to the Law of Mass Action.
Thus, the asserted claims of the ‘111 patent were also plainly obvious for these additional
reasons.

C. Secondary Considerations Do Not Support Nonobviousness

To bolster his unsupported validity conclusion, the ALJ found, as the only “objective
indicia of nonobviousness,” purported commercial success, based on the expenditure of money

by Monsanto and Flexsys to build the pilot plant and then the commercial plant. (ID at 113-14.)
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This expenditure of money was the only evidence of any secondary consideration relied upon in
the ID.

The ALJ’s reliance solely on money invested by the patentee was improper, as a matter
of law. Under some circumstances, commercial success may be a secondary indicator of
nonobviousness. However, the type of success that is viewed as supporting nonobviousness is
not merely the amount of money spent by the patentee to commercialize the invention, but rather
the results obtained in the marketplace that show “success” correlated to the invention. Kansas
Jack, Inc. v. Kuhn, 719 F.2d 1144, 1151 (Fed. Cir. 1983); see also Cable Elec. Prods., Inc, v.
Genmark, Inc., 770 F.2d 1015 (Fed. Cir. 1985); In re Baxter Travenol Labs., 952 ¥.2d 388 (Fed.
Cir. 1991); Tennant Co. v. Hako Minuteman Inc.,22 U.S.P.Q.2d 1161, 1177 (N.D. I1l. 1991)
(citing Demaco Corp. v. F. von Langsdor{f Licensing Ltd., 851 F.2d 1387 (Fed. Cir. 1988)). The
fact that a patentee had sunk a large amount of money into commercializing the invention could
equally well show that the patentee had undeserved faith in the invention, had bad business
judgment, or could have been based on any number of other irrelevant considerations. In no case
does the mere investment of money alone demonstrate commercial success that evidences
nonobviousness.

The ALJ committed clear legal error in not holding claims 30 and 61 of the ‘063 patent
and claims 7 and 11 of the ‘111 patent invalid as obvious over the Wohl 1903 paper combined
with the well known three steps of the prior art commercial processes.

VII. THERE IS NO INFRINGEMENT OF THE PROPERLY CONSTRUED CLAIMS
A. The Asserted Claims, As Properly Construed, Are Not Literally Infringed

It is uncontroverted that, if the claim term “controlled amount” of protic material is

construed in accordance with the express definition in the patents, there is no literal
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infringement. That express definition requires that the water content must be less than about 4%,
when aniline is the solvent. [[

11 The Sinorgchem process is a classic case
of a party properly relying on an express definition in a patent to develop a new, innovative,
noninfringing process of its own.'® Sinorgchem does not infringe any of the asserted claims,
because it does not practice every element of the claims, as properly construed. Strattec Sec.
Corp. v. Gen. Auto Specialty Co., Inc., 126 F.3d 1411, 1418 (Fed. Cir. 1997).

The ALJ’s conclusion of infringement further illustrates the error of the claim
construction. The ALJ concludes, with little analysis, that Sinorgchem’s [[ 1] process
literally meets the “controlled amount” of protic material claim limitation as construed by the
ALJ. (ID at 99-102.) But the ID never ties the Sinorgchem process to the proffered claim
construction or analyzes how Sinorgchem’s process controls the protic material between an
upper limit and a lower limit. The ID is completely silent with regard to how Sinorgchem’s
alleged “controlled amount” of protic material relates to inhibition and selectivity: the two terms
the ALJ found key to the claim construction. The ALJ conclusion of infringement, without such
explanation, is unfounded and further demonstrates the legal error of a claim construction that
ignores the express definition in the patents.

Under the ALJ’s erroneous claim construction, as long as a process “works” to produce
4-ADPA, it infringes; according to the ID, no analysis of the inhibition or the selectivity of the

accused process is appropriate or necessary. Such conclusions are clearly wrong.

18 As described in sections II and VI, supra, the reaction of aniline and nitrobenzene in the

presence of a base to produce the 4-ADPA intermediate, 4-NODPA, was not invented by
Flexsys.
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B. The Asserted Claims, As Properly Construed, Are Not Infringed Under The
Doctrine Of Equivalents

The ALJ did not reach the issue of infringement under the doctrine of equivalents. In the
event that the Commission concludes there is no literal infringement, there should also be no
infringement under the doctrine of equivalents.

If the claims are properly construed to account for the express definition, Sinorgchem’s

process does not infringe under the doctrine of equivalents for at least three independent reasons:

e Flexsys disavowed claim coverage for processes having more than about 4% water,
when aniline is the solvent;

e the doctrine of equivalents cannot be used to “vitiate” the claim term “controlled
amount of protic material”’; and

e [
1

On the issue of infringement under the doctrine of equivalents, Sinorgchem further relies
on the arguments made in the Post-Hearing Reply Brief of Respondents at 41-51 (Ex. 15) and on

the Post-Hearing Brief of Respondents at 27-30 (Ex. 16).

[

]] The Sinorgchem process is not equivalent to the process of the asserted
patent claims.
In sum, the Commission should review the ID and find that, as a matter of law, there is
no direct infringement, literal or under the doctrine of equivalents, by Sinorgchem. 35 U.S.C.
§ 271(a). Sovereign, being solely a purchaser and importer of Sinorgchem’s 6PPD, likewise

does not directly infringe. In addition, since there is no direct infringement, there is no indirect
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infringement of any Respondent. 35 U.S.C. § 271(b) and (c). Dynacor Holdings Corp. v. U.S.
Philips Corp., 363 F.3d 1263, 1274 (Fed. Cir. 2004).

VIII. FLEXSYS CANNOT ESTABLISH THE TECHNICAL PRONG OF DOMESTIC
INDUSTRY IF THE CLAIMS ARE PROPERLY CONSTRUED

If the claims are properly construed to consider the express definition, Flexsys does not
practice any of the asserted claims of the ‘063 and ‘111 patents; its process does not satisfy the
claim limitation of a “controlled amount” of protic material. There is no dispute that the Flexsys
process — as implemented in the Antwerp plant — couples aniline and nitrobenzene in the
presence of the base, TMAH, with aniline as the solvent. (ID at 120-21.) There is equally no
dispute that the water content of Flexsys’ process is approximately 8.5% at the end of the
coupling reaction, when aniline is the solvent. (ID at 121.) Therefore, in view of the “up to
about 4% H2O” limitation in the asserted patents (when aniline is the solvent), the conclusion is
unmistakable that Flexsys does not meet the technical prong of the domestic industry
requirement, because its process does not practice any of the asserted claims.

IX. CONCLUSION

For the foregoing reasons, Respondents Sinorgchem and Sovereign submit that their
Petition for Review of the ID issued on February 17, 2006 be granted and that Sinorgchem and

Sovereign be found not to have violated Section 337. Flexsys is not entitled to any relief.
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‘A method of producing 4-ADPA is disclosed wherein
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of which are subsequently reduced to produce 4
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as antiozonants. '

94 Claims, No Drawings -



5,117,063

1

METHOD OF PREPARING
4-AMINODIPHENYLAMINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods for prepar-
ing 4-aminodiphenylamine (4-ADPA) and, more partic-
ularly, relates to a method for preparing 4-ADPA
wherein aniline is reacted with nitrobenzene in the pres-

.ence of a base, and under conditions wherein the

amount of protic material, e.g., water, is controlled, to
produce a mixture rich in the salt of 4-nitrodiphenyla-
mine and/or the salt of 4-nitrosodiphenylamine. The
4-nitrodiphenylamine and/or 4-nitrosodiphenylamine
salts are isolated and subsequently hydrogenated or,
alternatively, the reaction mixture itself is hydroge-

nated, to produce 4-ADPA in high yield. The present’

invention also: relates to methods for preparing 4-
ADPA intermediates as well as to alkylated p-
phenylenediamine products useful as antioxidants.

2. Related Arnt . ’

It is known to prepare 4-ADPA by way of a nucleo-
philic aromatic substitution mechanism, wherein an
aniline derivative replaces halide. This method involves
preparation of a 4-ADPA intermediate, namely 4-
nitrodiphenylamine (4-NDPA) followed by reduction
of the nitro moiety. The 4-NDPA is prepared by react-
ing p-chloronitrobenzene with an aniline derivative,
such as formanilide or an alkali metal salt thereof, in the
presence of an acid acceptor or neutralizing agent, such
as potassium carbonate, and, optionally, utilizing a cata-
Iyst. See, for example, US. Pat. Nos. 4,187,248;
4,683,332; 4,155,936; 4,670,595; 4,122,118; 4,614,817;
4,209,463; 4,196,146; 4,187,249; 4,140,716. This method
is disadvantageous in that the halide that is displaced is
corrosive to the reactors and appears in the waste
stream and must therefore be disposed of at consider-
able expense. Furthermore, use of an aniline derivative
such as formanilide, and use of p-chloro-nitrobenzene,
requires additional manufacturing equipment and capa-
bilities to produce such starting materials from aniline
and nitrobenzene, respectively.

It is also known to prepare 4-ADPA from the head-
to-tail coupling of aniline. See, for example, G.B.
1,440,767 and U.S. Pat. No. 4,760,186. This method is
disadvantageous in that the yield of 4-ADPA is not

-acceptable for a commercial process. It is also known to

decarboxylate a urethane to produce 4-NDPA. See U.S.
Pat. No. 3,847,990. However, such method is not com-
mercially practical in terms of cost and yield.

It is known to prepare 4-ADPA by hydrogenating
p-nitrosodiphenylhydroxylamine which can be pre-

pared by catalytic reduction of nitrosobenzene utilizing, -

as a reducing agent, aliphatic compounds, benzene,
naphthalene or ethylenically unsaturated compounds.
See, for example, - U.S. Pat. Nos. 4,178,315 and
4,404,401. It is also known to prepare p-nitrosodi-
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the yield of 4-nitrosodiphenylamine is low and is there-
fore not commercially practical. Furthermore, such
method requires utilization of an aniline derivative,
namely, acetanilide, and therefore increases the cost of
the starting materials. .

The process of the present invention does not include
a halide source and therefore eliminates the expensive
halide removal from the waste stream. In addition, the
process of the present invention is much less expensive
in terms of manufacturing costs, as well as the cost of
raw materials, because instead of the derivatives of
aniline and nitrobenzene, the present method utilizes
aniline and nitrobenzene directly.

SUMMARY OF THE INVENTION

The present invention is directed to a method of
preparing 4-ADPA intermediates, namely 4-nitrodi-
phenylamine (4NDPA) and the salts thereof, and/or-
4-nitrosodiphenylamine (p-NDPA) and/or the salts
thereof, wherein aniline and nitrobenzene are brought
into reactive contact in a suitable solvent system, and
then reacted in the presence of a base and under condi-

‘tions wherein the amount of protic material, such as

water, is controlled. The resulting reaction mixture is
rich in 4-ADPA intermediates, including the 4-nitrodi-
phenylamine and/or 4-nitrosodiphenylamine salts. The
process can be utilized according to the teachings of the

* present invention to produce a high yield of the 4-
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phenylamine from diphenylamine and an alkyl nitrate in .

the presence of excess hydrogen chloride. See, for ex- 60

ample, U.S. Pat. Nos. 4,518,803 and 4,479,008.

It is also known to produce 4-nitrosodiphenylamine: -

by reacting acetanilide and nitrobenzene in DMSO in
the presence of sodium hydroxide and potassium car-

bonate at 80° C: for 5 hours. See Ayyangar et al., Tetra- 65

hedron Letters, Vol. 31, No. 22, pp. 3217-3220 (1990).
See also, Wohl, Chemische Berichte, 36, p. 4135 (1903)
and Chemische Berichte, 34, p. 2442 (1901). However,

nitroso product (p-nitrosodiphenylamine and its salt)
with little or no 4-nitro product. The 4-nitroso reaction
product mixture can then be hydrogenated directly, or
the 4-nitroso product can then be isolated and subse--
quently hydrogenated, to produce 4-ADPA in high
yield. Similarly, the 4-nitro product (4-nitrodiphenyla-
mine and its salt) can be produced in high yield with
littie or no 4-nitroso product, and the 4-nitro product,
or the isolated 4-nitro product, can be hydrogenated to
produce 4-ADPA in high yield. Alternatively, the 4-
nitro and 4-nitroso products are both produced and are
not isolated but the reaction mixture is hydrogenated
directly to produce 4ADPA. The resulting 4-ADPA
can be utilized to prepare alkylated products of p-
phenylenediamine, which products are useful as antioxi-
dants and antiozonants. Alternatively, the 4-ADPA
intermediates can be reduced and the reduced material
alkylated in the same reaction vessel utilizing a ketone
as a solvent.

DETAILED DESCRIPTION OF THE
INVENTION

The subject method for producing 4-ADPA interme-

diates involves the steps of:

a) bringing aniline and nitrobenzene into reactive
contact in a suitable solvent system;

b) reacting the aniline and nitrobenzene in a confined
zone, such as a reactor, at a suitable temperature
and in the presence of a suitable base and a con-
trolled amount of protic material, such as water, to .
produce 4-nitrodiphenylamine and its salt and/or
4-nitrosodiphenylamine and its salt.

For producing 4-ADPA, the subject method includes

the following step:

) reducing the 4-nitrosodiphenylamine and its salt
and/or the 4-nitrodiphenylamine and its salt to
produce 4-ADPA.

. For producing alkylated p-phenylenediamines, the
subject method.includes the step of:



5,117,063

3

d) reductively alkylating the 4-ADPA of Step ¢).

As utilized herein, the term “4-ADPA intermediates"
means 4-nitrodiphenylamine, 4-nitrosodiphenylamine
(also referred to as p-nitrosodiphenylamine) and the
salts thereof. Thus, reference to “one or more 4-ADPA
intermediates refers to one or both of the neutral com-
pounds, i.e., those that are not in the form of a salt,
and/or the salt .of one or both of such compounds. The

. salt is produced in the reaction mixture from reaction of

the 4-nitro and/or 4-nitroso products with the base.
Thus, the reaction mixture produced in the method of

the present invention can include one of the compounds *

or salts or any combination thereof depending on the
specific reaction conditions selected.

‘The molar ratio of aniline to nitrobenzene can vary
from a large excess of nitrobenzene to a large excess of
aniline. Preferably, the reaction is conducted utilizing
an excess of aniline. The ratio of 4-nitro to 4-nitroso
produced in the reaction of the present invention can be
controlled by varying the ratio of aniline to nitroben-

* zene, The higher the ratio of aniline to nitrobenzene, the

higher the ratio of 4-nitroso to 4-nitro. Conversely, the
higher the ratio of nitrobenzene to aniline, the higher
the ratio of 4-nitro to 4-nitroso.

Azobenzene is also produced in this reaction in vari-
able quantities depending on the reaction conditions:
One way of controlling azobenzene production is
through the ratio of aniline to nitrobenzene: Thus, as
this ratio is increased, the amount of azobenzene’ gener-
ally decreases. As discussed below, and as illustrated in
the Examples set forth below, other variables, such as
the amount of base and oxygen, can glso affect the

-amount of azobenzene produced Thus, utilizing the

teachings of the present invention, one skilled in the art
can conduct the reaction of the present invention to
control the amount of azobenzene that is produced.
Suitable solvent systems include, but are not limited
to, solvents such as, for example, dimethylsulfoxide,

". N-methylpyrolidone, dimethylformamide, aniline, pyri-

dine, nitrobenzene and the like, as well. as mixtures
thereof, Preferably, aniline is used in-excess in the reac-
tion as stated above, and the aniline in excess of the

molar amount of nitrobenzene serves as the solvent. As.
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described in more detail below, solvent mixtures can be -

utilized wherein one or more of the suitable solvents.
and another solvent, such as a controlled amount of a

- protic solvent, e.g., methanol, are combined.

Suitable bases include, but are not limited to, organic
and inorganic bases such as, for example, alkali metals,
such as sodium metal, alkali metal hydrides, hydroxides
and alkoxides, such as sodium hydride, lithium hydrox-
ide, sodium hydroxide, cesium hydroxide, potassium
hydroxide, potassium t-butoxide, and the like, including
mixtures. thereof. Other acceptable base materials in-
clude, but are not limited to, phase transfer catalysts in
conjunction with a suitable base source such as tetraalk-

45

50

. 4 :
combined. Addition of materials-can be above or below
surface addition. The amount of base utilized in the
present process can vary over a wide range. For exam- -
ple, the reaction can be conducted in a manner which is
limiting in base or the reaction can be conducted in a
manner which is limiting in nitrobenzene or aniline.
depending, among other factors, on the desired degree
of minimization of azobenzene.

The reaction is conducted at a suitable temperature
which can vary over a wide range. For example, the .
temperature can fall within a range of from about —10°
C. to about 150° C., such as.from about 0° C. to about -
100* C,, preferably from about 10° C. to about 80° C. A
most preferred temperature for conducting the reaction -
of the present invention is from about 40° C. to about
70° C., such as at 50° C. Where aniline is utilized as the
solvent under acroblc reaction condmons, as. the tem-
perature of the reaction increases, the amount of azo-

‘benzene produccd increases. However, where the reac-

tion is conducted in aniline under anaerobic conditions,
higher temperatures do not ‘necessarily increase the -
amount of azobenzene. Where production of azoben-
zene is not a problem, hlgher temperatures will be suit-
able. However, where it is desired to minimize the
amount of azobenzene, lower temperatures or anaerobic
reaction conditions are more suitable. Alternatively, to
minimize the amount of azobenzene while conducting
the reaction st higher temperatures, a solvent other than
aniline can be used and the ratio of aniline to nitroben-

" zene can be controlled.

Control of the amount of protic material present in
the reaction is important. Generally, when the reaction
is conducted in aniline, water present in the reaction in
an amount greater than about 4% H;0, (based on vol- .
ume of the reaction mixture) inhibits the reaction of the
aniline with the nitrobenzene to an extenit where the
reaction is no longer significant. Reducing the amount
of water to below the 4% level causes the reaction to
proceed in an acceptable manner. When tetramethylam-
monium hydroxide is utilized as a base with aniline as
the solvent, as the amount of water is reduced further,
e.g., down to about 0.5% based on the volume of the.
reaction mixture, the total amount of 4-nitrodiphenyla-
mine and 4-nitrosodiphenylamine increases with some
loss in selectivity so that more 2-nitrodiphenylamine is
produced but still in minor amounts. Thus, the present
reaction could be conducted under anhydrous condi-
tions. A “controlled amount" of protic material is an
amount up to that which inhibits the reaction of aniline
with nitrobenzene, e.g., up to about 4% H30 based.on
the volume of the reaction mixture when aniline is uti-

: lized as the solvent. The upper limit for the amount of .

55

ylammonium hydroxides, e.g., tetramethylammonium -

hydroxide, and other combinations of phase transfer
catalysts and suitable bases such as suitable bases in
conjunction with aryl ammonium salts, crown ethers
and the like, and amine bases, such as lithium bis(trime-
thylsilyl) amide, and the like, including mixtures
thereof. Preferred materials (bases) for use as bases are
tetraalkylammonium hydroxides such as tetramethyl-

". ammonium hydroxide. Preferably, the base is added to

the aniline to produce a mixture which is then combined

_ with the nitrobenzene. Alternatively, the base can be

added after the aniline and nitrobenzene have been

60

protic material present in the reaction varies with the
solvent. For example, when DMSO is utilized as the
solvent and tetramethylammonium hydroxide is utilized .
as the base, the upper limit on the amount of protic
material present in the reaction is about §% Hz0 based
on the volume of the reaction mixture, When aniline is
utilized as a solvent with the same base, the upper limit
is 4% H,0 based on the volume of the resction mixture. .
In'addition, the amount of protic material tolerated will -
vary with type of base, amount of base, and base cation,
used in the various solvent systems. However, it is
within the skill of one in the art, utilizing the teachings:
of the present invention, to determine the specific upper -
limit of the amount of protic materia] for a specific
solvent, type and amount of base, base cation and the
like. The minimum amount of protic material necessary
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to maintain selectivity of the desired products will also
depend on the solvent, type and amount of base, base’

" cation and the like, that is utilized and can also be deter-

mined by one skilled in the art.

Since the amount of protic material present in the 5
reaction is important, it is preferred to reduce the
amount of protic material present as much as possible
and then add back to the reaction the desired amount,

" e.g., 0.5 vol. % when aniline is used as the solvent.

Protic materials that can be utilized to add back to the 10
reaction are known to those skilled in the art and in-
clude, but are not limited. to, water, methanol and the

-like. Methods for measuring the amount of protic mate-

rial and for reducing the amount of protic material as
much as possible are well known in the art. For exam- 15
ple, the amount of water present in certain reagents can

be - determined by utilizing a Karl-Fischer apparatus,
and the amount of water can be reduced through distil-
lation and/or drying under reduced pressure, drying in
the presence of P2Os and other agents, azeotropic distil- 20
lation utilizing, for example, aniline, and the like, includ-
ing combinations thereof.

The reaction canbe conducted under aerobic or an-
aerobic conditions. Under aerobic conditions, the reac-
tion is conducted essentially as described above in a 2
reaction zone which is exposed to oxygen, usually by
exposure to air. Under aerobic conditions, the pressure
at which the reaction is conducted can vary and the
optimal pressure, as well as the optimal combination of
pressure and temperature/pressure conditions, are eas- 30
ily determined by one skilled in the art. For example,
the reaction can be conducted at room temperature and
at a pressure ranging from about 10 psig to about 250
psig, such as from about 14 to about 150 psig. Under-
anaerobic conditions, the reaction can be-conducted at 35
atmospheric pressure or reduced or increased pressures,
in the presence of a necutral gas such as, for example,
nitrogen or argon. Optimal conditions for a particular
set of reaction parameters, such as temperature, base,
solvent and the like, are easily determined by one skilled 40
in the art utilizing the teachings of the present inven-
tion. It has been observed that less azobenzene is pro-
duced when the reaction is conducted anaerobically
with aniline-as the solvent. It has also been observed
that less azobenzene is produced when the reaction is 45
conducted aerobically with DMSO, and other similar
solvents, as the solvent.

The 4-nitrodiphenylamine and/or 4-nitrosodi-
phenylamine and/or their salts can be reduced to 4-.
ADPA. The neutral compounds can be generated from 50
the salts utilizing water and/or an acid. See, for exam-
ple, Example 1D. Alternatively, the salts can be. re-
duced as shown in Example 1A. This reduction can be
carried out by any of many known reductive processes,
such as using a hydride source, e.g., sodium borohy- 55
dride in conjunction with palladium- or platinum-on-
carbon catalyst. Preferably, this reduction is conducted
by a catalytic reduction wherein hydrogenation is ef-
fected under hydrogen pressure in the presence of plati-
num- or palladium-on-carbon, nickel, and the like. This 60
hydrogenation process is described in detail in “Cata-
lytic Hydrogenation in Organic Synthesis”, P. N Ry-
lander, Academic Press, N.Y., p. 299 (1979), which is
hereby incorporated herein by reference. Preferably,
the hydrogenation is conducted utilizing a platinum-on- 65
carbon catalyst in a suitable solvent such as, for exam-
ple, either xylene or aniline, mixtures thereof, or ‘mix-
tures which include water as the solvent and a hydro-

w
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gen pressure of from-100 psig Hz to about 340 psig Haat
a temperature of about 80° C.

Reductive alkylation of 4-ADPA to produce antiozo-
nants can be conducted by any one of several well
known methods. See, for example, U.S. Pat. No.
4,900,868, Preferably, 4-ADPA and a suitable ketone or
aldehyde are reacted in the presence of hydrogen and
platinum on carbon as catalyst. Suitable ketones include
methylisobutyl ketone (MIBK), acetone, me-
thylisoamylketone and 2-octanone. It should be noted
that reduction of the 4-ADPA intermediates and alkyla-
tion of the reduced material can be conducted in the:
same reaction vessel utilizing the ketone as a solvent.
See, for example, U.S. Pat. No. 4,463,191, and Banerjee-
et al, J. Chem. Soc: Chem. Comm. 18, 1275-76 (1988).

Contemplated equivalents of the reactants and rea-
gents set forth above are reactants and reagents other-
wise corresponding thereto and having the same gen-
eral properties wherein one or more of the various
groups, e.g., NOy, are simple variations. In addition,
where a substituent is designated as, or can be, a hydro-
gen, the exact chemical nature of a substituent which is

" other than hydrogen at that position is not critical so

long as it does not adversely affect the overall activity
and/or synthesis procedure.

The chemical reactions described above are generally
disclosed in terms of their broadest application to the
method of this invention. Occasionally, the reaction
conditions may not be applicable as specifically de-
scribed to each reactant and reagent within the dis-
closed scope. For example, certain suitable bases may
not be as soluble in one solvent as they are in other
solvents. The reactants and reagents for which this
occurs will be readily recognized by those skilled in the
art. In all such cases, either the reactions can be success-
fully performed by conventional modifications known
to those skilled in the art, e.g., by appropriate adjust-
ments in temperature, pressure and the like, by chang-
ing to alternative conventional reagents such as other
solvents or other bases, by routine modification of reac-
tion conditions, and the like, or other reactions dis-
closed herein or otherwise conventional, will be appli-
cable to the method of this invention. In all preparative
methods, all starting materials are known or are readily
preparable from known starting materials,

Without further elaboration, it is believed.that one
skilled in the ‘art can, using the preceding description,
utilize the ‘present invention to its fullest extent. The
following preferred specific embodiments are, there--
fore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way
whatsoever.

All reagents were used as received except that the -
bases and solvents were dried as described hereinafter.
Unless indicated otherwise, all yields were determined
by HPLC according to the following method. .

Materials and Methods

Aniline and nitrobenzene were reagent grade and
were used without further purification. Solvents were
purchased from Aldrich Cliemical and were anhydrous
grade. The tetramethylammonium hydroxide was pur-
chased as the pentahydrate. The solid was dried in a
desiccator over P05 under vacuum for. several days
beforé use. Titration of the resulting solid showed the
dried material to be the dihydrate.

HPLC ' Assay: Reverse phase HPLC was. used- to.
analyze the reaction mixtures. A 5 pm Beckman/Altex
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Ultrasphere-ODS 4. 6X150 mm) column was em-
ployed using a ternary gradient pump system.-

Elution Gradient

Time Flow Rate R
{min) (mL/Min) % Water % ACN % MeOH

(4] 1.5 90 10 Q0
1.0 15 63 30 8
121 15 ) 20 20
15 15 0 .20 20
35 1.5 10 45 4
“«© 15 10 45 45
# 15 % 10 0
50 15 % ) 0

EXAMPLE |

A) This example illustrates a neat reaction of aniline
and nitrobenzene under aerobic conditions at room
temperature to generate 4-NDPA and p-mtrosodl-
phenylamine (p-NDPA) products. The reaction mix-
ture was then hydrogenated dlrectly to generate 4-
ADPA.

A 500 mL three-necked round bottom ﬂask was
equipped with a magnetic stir bar. The reaction vessel
was charged with 196 mL of aniline and nitrobenzene
(4.3 mL, 42 mmole). To the stirred reaction mixture was
added tetramethylammonium hydroxide dihydrate
(17.7 grams, 140 mmoles) as a solid. The reaction was
shown to have consumed nearly all the nitrobenzene
after two hours, however, the reaction was allowed to
stir for 18 hours. After this time >99% of the nitroben-
zene was consumed. HPLC analysis of the reaction
mixture indicated the following yields of products
based on nitrobenzene: 4NDPA -(6.4 mmole, 1.37 g,
15%). p-NDPA (30.6 mmole, 6.1 g, 73%), 2-NDPA (0.3
mmole, 0.064 g, 0.7%), azobenzene (3.6 mmole, 0.65 g,
8.5%), phenazine (0.8 mmole, 0.14 g, 1.9%). phenazine-
N-oxide (0.3 mmole, 0.05 g, 0.7%).

. Water (16 ml) was added to the mixture and the entire.

reaction was then charged into a 300 cc autoclave for
hydrogenation. A 19 Pt/carbon catalyst (0.5 grams dry
weight) was added to the autoclave. The reaction mix-

. ture was heated to 80° C. under 150 psig of H,. Hydro-

gen uptake was complete Within 30 minutes. HPLC
gnalysis indicated that 35.9 mmole of $-ADPA was
produced which corresponds to a 97% yield based on
moles of $-NDPA and p-NDPA.

B) This is an example of the reaction of amlme and
nitrobenzene at room temperature in dimethylsulfoxide
under anaerobic conditions.

10

40

45.

50

A 25mL round bottom flask was charged with 4 mL -

of DMSOQ, aniline, (200 pL, 1.9 mmole) and tetra-
methylammonium hydroxide dihydrate (330 mg, 2.5
mmole) under argon. The reaction was allowed to pro-
ceed at room temperature for 4 hours. Conversion of
nitrobenzene was 68%. HPLC analysis indicated the
following yields based on nitrobenzene. 4NDPA
(30.5%), p-NDPA (33.6%), azobenzene (2.6%), azoxy-
benzene (tmee)

35

cated the fol]owiné yields based on nitrobénzene: 4- - -
NDPA 10%. p-NDPA 76%, azobenzene 7%, and phen-

azine 5%.

D) This is an example of the reaction between aniline
and nitrobenzene at room temperature in-DMSO under
aerobic conditions. This example also illustrates genera-

‘tion of 4-NDPA and p-NDPA from its salts utilizing

water and acid.

The reaction mixture contained aniline (200 p.L
2.1lmmole) and nitrobenzene (200 L, 1.9 mmole) in'4
mL of DMSO. Tetramethylammonium hydroxide dihy-

drate (330 mg, 2.5 mmole) was added in one portion. . .-

The reaction was allowed to stir for 18 hours after
which time 80% of the nitrobenzene had been con-
sumed. The reaction was dumped into 200 mL of water
which caused the immediate precxpuauon of 4NDPA.
The solution was cooled on ice for several hours and -
the product was filtered off and dried at 100° C. The:

filtrate was treated with glacial acetic acid until the pH -
_ was neutral which caused the precipitation of p-NDPA.

The precipitate was filtered and dried at 100* C. Iso-
lated yields based on pitrobenzene consumed 4-NDPA
(66%), p-NDPA (29%).

E) This is an example of the reaction of amlme and
nitrobenzene in DMSO at 80° C under aerobnc condi-
tions.

A 250 mL round-bottom flask was charged with
aniline (0.05 mole, 4.6 g), nitrobenzene (0.05 mole, 6.1 g)
and 75 mL of DMSO., Tetramethylammonium hydrox-
ide dihydrate (0.2 mole, 25.44g) was added to the solu-
tion in one portion. The reaction mixture was heated to -
80° C. in an oil bath-and maintained at that temperature
for 5 hours. The reaction was analyzed by HPLC,

-Yields based on nitrobenzene; 4-NDPA (35%), p-

‘NDPA (51), azobenzene (3.1%). _

F) This is an example of the reaction of aniline and .
nitrobenzene in DMF under aerobic conditions.

-Aniline (200 gL, 2.1 mmole) and nitrobenzene (200

- L, 1.9 mmole) was dissolved in § mL of DMF. Tetra-

methylammonium hydroxide dihydrate (1.0 g, 7.8.
mmole) was added to the reaction. The reaction was
allowed to stir for 2 hours during which time 39% of
the nitrobenzene was consumed. Yields based on nitro-
benzene consumed: 4-NDPA 99%, p-NDPA trace. -

EXAMPLE 2
This example illustrates that the reaction of the pres-

_ent invention can be conducted over a range of temper-

atures. Four identical reactions were prepared in the
followmg manner and were run at 0°,23°,50°and 80° C. .
in the air. A 50.mL round-bottom. ﬂask was chnrged

with 49 mL of aniline and nitrobenzene (1.0 mL, 9.5
mmole). Tetramethylammonium hydroxide dihydrate
(4.40 g, 34.6 mmole) was added and the reaction was
allowed to proceed for 5 hours. Product yields were -
determined by HPLC analysis and arc based on moles
nitrobenzene consumed. Selectivity is the ratio of the
moles of product generated and the moles of nitroben-

C) This is an example of a neat reaction between 60 zene consumed Yield is conversion times selectivity.

aniline and nitrobenzene at room temperature under
anaerobic conditions.

A 25 mL round-bottom flask was charged with ani-
line (1.8 mL) and nitrobenzene (0.02 mL, 0.19 mmole) in
a controlled atmosphere glove box filled with argon. To
this solution was added tetramethylammonium hydrox-
ide dihydrate (330 mg, 2.5 mmole). All the nitrobenzene
was consumed after several hours, HPLC analysis indi-

65

TABLE 1 .
Nitrobenzene ) %
Temp.°C. C jon Prod _ Selectivity’  Yield
' 529 ° p-NDPA 34 18
4-NDPA i ] ‘93
2.NDPA 22 10
phenazine 06 . 03
23 1% p-NDPA 7n s
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TABLE l-continued
Nitrobenzene %

Temp. “C.  Conversion Products Selectivity  Yield
4-NDPA . 12. 8.5 5
azobenzene 17 12 -
phenazine trace
phenazine- trace
N-oxide

0 98% p-NDPA 88 86
4-NDPA 7.8 16
2-NDPA 17 16 10
azobenzene* 2 21
80 100% p-NDPA - 89 89
4-NDPA 7 7
2-NDPA 2 2
azobenzene® 55 55
“The majority of azob % produced presumably thiough oxidat oling of 15
sniline. See D. T. Sawyer paper. .
EXAMPLE 3

This example illustrates that control of the amount of 20
protic material present in the reaction is important.
Four identical reactions were run except the amount of
water added to the mixture was varied to include 0, 10,
50, and 100uL. Thus aniline (2 mL) and nitrobenzene (2
mL) were charged into a 25 mL round-bottom flask and 25
various amounts of water were added. Tetramethylam-
monium hydroxide dihydrate (330 mg, 2.5 mmole) was
added in one portion. The reactions were allowed to
run in the air at room temperature and were sampled
after 16 hours. An identical set of reactions was also run 30
where methanol was added instead of water.

TABLE 2
Ratio mmole Yield (mmole)
Volume 4NDPA + p-NDPA/  4NDPA +
(uL) % 2-NDPA + Phenazine . p-NDPA 35
Water
Added Water*
0 2.2 6.2 083
10 245 8.5 0.68
50 345 115 0.18 40
100 47 50 0.05
Methano)
Added Methanol*
10 0.25 - 8.8 0.67
50 1.25 16 0.57
100 2.5 35 042 45
*The 5 water and methanol is by volume. In the case when no waier was added the
water present in the ion was i duced from the hy! i
bydroxide dihydrate,
EXAMPLE 4 50

This example illustrates that various solvents can be
utilized in the practice of the method of this invention to
produce 4-NDPA. and/or p-NDPA products. The reac-
tions set forth in Table 3 were conducted as in as indi-
cated, except that the solvent of was changed to that 53
indicated in the table.

TABLE 3
Solvent ' Reaction Conditions
1-methyl-2-pyrrolidinone D - 60
DMSO/THF 1B
pyridine. . D
EXAMPLE 5 65

This example illustrates various bases which can be -
utilized in the method of the present invention to pro-
duce 4-NDPA and/or p-NDPA products. The reac-

10
tions set forth in Table 4 were conducted as in Example
1 as indicated except that the base of Example 1 was
changed to that indicated in the table.

TABLE 4

Base - Reaction Conditions
Na metal 1D

NaH 1D

NaOH 1D

KOH 1D
Potassium t-butoxide 1D

Lithium bis(trimethylsilylamid 1B, ID
NaOH/K;C0; ] 1D, IF

EXAMPLE 6

This example illustrates the unexpected increase in
selectivity and nitrobenzene conversion utilizing the .

~ method of the present invention as.compared to the

method disclosed in Ayyangar et al.

‘The reaction of acetanilide, nitrobenzene, NaOH, and
K,C03 in DMSO was run according to the procedure
described by Ayyangar et al. Tetrahedron Letters, Vol.
31, No. 22, pp 3217-3220 (1990). Analysis of this reac-
tion by HPLC indicated 37% of the nitrobenzene was
converted and the following yields based on nitroben-
zene, were-achieved. 4-NDPA (6%), p-NDPA (4.5%),
azobenzene (0.7%).

In comparison, when the reaction is conducted ac-
cording to the teachings of the present invention, the
conversions of nitrobenzene and selectivities to the
desired products are greatly increased. For example,
conducting the reaction as described in Example 1D,
aniline (0.05 mole), nitrobenzene (0.05 mole) and tetra-
methylammonium hydroxide dihydrate (0.2 mole) were
mixed in 75 mL of DMSO. The reaction was stirred at
room temperature for 5 hours after which time the
reaction was analyzed by HPL.C chromatography giv-
ing the following results. Nitrobenzene conversion was
(85%). Yield based on nitrobenzene: 4-NDPA (18%),
p-NDPA (51%) azobenzene (3%).

The reaction of acetanilide and nitrobenzene was also
run at room temperature. Thus, acetanilide (0.05 mole),
nitrobenzene (0.05 mole), NaOH (0.2 mole) and K3CO»

~were dissolved in 75 mL of DMSO. The reaction was

stirred for 5 hours at room temperature (23° C.). Analy-
sis of the reaction showed no conversion of nitroben-
zene and no products detected.

EXAMPLE 7

This example illustrates how the ratio of p-NDPA/4-
NDPA can be controlled by the ratio of aniline/nitro-
benzene.

Aniline and nitrobenzene were reacted at various
ratios, while the total reaction volume and the amount
of tetramethylammonium hydroxide dihydrate were
held constant. Thus, in a typical reaction illustrating an
aniline/nitrobenzene volume ratio of 1, aniline (2 mL)
and nitrobenzene (2 mL) were charged into a 25 mL
round-bottom flask. Tetramethylammonium hydroxide
dihydrate (330 mg, 2.5 mmole) was added and the reac-
tion was allowed to proceed at room temperature in air
for 14 hours. The reactions were then. analyzed by
HPLC.

" TABLE 5

Volume Ratio Ratio
Aniline/Nitrobenzene p-NDPA/4-NDPA
0.33 0.1
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TABLE 5-continued

Volume Ratio " Ratio
Aniline/Nitrobenzene p-NDPA/4&-NDPA

1 0.1
10 4
50 6

EXAMPLE 8

This example illustrates the effect that the amount of
protic material present in or added to the reaction has
on the extent of conversion and yields of 4-NDPA and
p-NDPA.

The amount of water added to a reaction of aniline,
nitrobenzene and tetramethylammonium hydroxide
dihydrate in DMSO was varied from zero to 500 p,L O,
50, 150, 300, 500 pL) while keeping the total reaction
volume constant. Thus, a typical. reaction contained
aniline, (200 pL, 2.1 mmole), nitrobenzene (200 uL, 1.9
mmole), tetramethylammonium hydro’xide dihydrate
(330 mg, 2.5 mmole) and water (50 ;LL) in 3.55 mL of
anhydrous DMSQ. The reaction was allowed to react
aerobxcally at room temperature 24 hours after which

time it was sampled and subjected to HPLC analysis.

) TABLE 6
Volume (uL) ~ % % Conversion .. Yield (mmole) -
Water Added Water  Nitrobenzene. 4NDPA + p-NDPA
’ 0 23 89 ; 150

50 35 3 9

150 6 63 62

300 .75 12 0.23

500 14.7 3 0.05

EXAMPLE 9

This examplé ill‘liétrates the effect that increasing the
amount of base has on yields of $NDPA and p-NDPA

-under conditions where the amount of protic material

added to the reaction is kcpt constant,

Three identical reactions were run except that the 40
amount of tetramethylammonium hydroxide dihydrate
was varied in each. In a typical reaction, aniline (2 mL),
nitrobenzene (2 mL), water (100 pL) and tetramethyl-

ammonium hydroxide dihydrate (330 mg, 2.5 mmole).
were mixed and allowed to react for 24 hours at room

temperature in the air. In those cases where the solution
showed large amounts of precipitates, an addition 10
mL of aniline was added to solubilize the reaction be-
fore sampling. All of these reacuons were analyzed by
HPLC.

TABLE 7

Volume © %  Grams - mMoles
‘Water Added Water  Base Base

Yield (mmole)
4.NDPA + pNDPA

100 47 033 28 C 008

100 47 0660 50 0.15

100. 47 165 12.5 124
EXAMPLE 10

This example illustrates the reaction of aniline, nitro-
benzene and tetramethylammonium hydroxide dihy-
drate under anacrobic conditions at-50° C.

A 500 mL four-necked round-bottom flask equipped
with a mechanical stirrer, addition funnel, thermometer,
and nitrogen inlet was charged with 90 mL of aniline.
The aniline was purged with nitrogen and tetramethyl-
ammonium hydroxide dihydrate (54 g, 0.42 mole) was

5,117,063

12
added in one portion. The reaction mixture was heated
to 50° C. under a nitrogen blanket with stirring. Once -
the temperature in the reaction vessel reached 50° C,,
nitrobenzene (10 mL, 95 mmole) was added dropwise to -
the vigorously stirred mixture of aniline and base. The
nitrobenzene was added at a rate sich that the addition
was complete within 30 minutes. The temperature of
the reaction increased to 65° C. during the nitrobenzene
addition. The reaction was allowed to stir for an addi-

10 tional 90 minutes after which time it was analyzed by -

20

HPLC. Nitrobenzene conversion = 100%. Yields based.
on nitrobenzene: p-NDPA (88.5%), 4-NDPA (4. 3%).

- phenazine (3.6%), azobenzene (3.6%).

EXAMPLE 11

This example illustrates that tetramethylammonium
ion salt of 4-NDPA and p-NDPA can be produced in
the method of the present invention.

Aniline (3.0 mL) was stirred with tetramethylammo-

_nium hydroxide dihydrate (330 mg, 2.5-mmole) in a .

controlled atmosphere dry box under argon. The aniline
base mixture was filtered such that the aniline was deliv-
ered directly to 1 mL of nitrobenzene. Upon addition of

5 the aniline-base solution, the reaction . immediately

35

turned red and a precipitate began to form. The mixture
was allowed to stir for 5 minutes after which time the
reaction was filtered. The red precipitate was washed .
with several volumes of dry ether and allowed todry. A .
portion of the solid was analyzed by TH-NMR spectros-
copy: (DMSO) & 3.1(s), 6.1 (d, 1), 6.5 (t, 1), 6.6 (d,1),
6.76 (d, 1), 6.8 (t, 1), 7.04 (t, 1) 7.5 (d,1). A drop of acetic
acid-ds was added to the NMR tube which caused an
immediate color change from red to yellow and the
sample was re-subjected to IH-NMR spectroscopy. The
resulting spectrum was identical to authentic 4-NDPA.
A portion of the red solid was dissolved in wet acetoni-
trile and subjected to HPL.C analysis which indicated -

that 4-NDPA was the major component.

EXAMPLE 12
" This example illustrates the conversion of 4-ADPA
to NI, 3-dimethylbutyl)-N'-phenyl-p-phenylenedia-
mine, a useful antiozonant for the protection of rubber

4s products, *

52 grams of 4-ADPA, prepared by the reaction of
aniline and nitrobenzene (by the procedure of Example
1D), 100 grams methylisobutylketone (MIBK) and 0.3

* grams of 3% platinum on carbon catalyst were charged

sp into a one liter Parr autoclave. After purging with hy-
drogcn,.the reaction mixture was heated to 170°-175° C.

. and 800 psig hydrogen applied. The mixture was re-

55

60
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acted for 95 minutes and a sample withdrawn. GC anal-.
ysis indicated 0.4% unreacted 4-ADPA present. The
reaction mixture was cooled and filtered to femove :
catalyst and stripped to remove water and excess
MIBK. The product, 71 grams, on cooling crystallized
to a purplish solid. Assay by GC internal standard
method indicated 95.9% purity.

Similar reactions were conducted with similar results
using methylisoamylketone and acetone.

The preceding examples can be repeated with similar -
success by substituting the generically or specifically
described solvents, bases and the like and/or operating
conditions, such as other temperatures and pressures, of
this invention for those used in the preceding examples. -

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
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invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

What is claimed is:

1. A method of producmg one or more $~ADPA
intermediates comprising the steps of:

a) bringing aniline and nitrobenzene into reactive

contact in a suitable solvent system; and

b) reacting the aniline and nitrobenzene in a confined

zone at a suitable temperature, and in the presence
of a suitable base and a controlled amount of protic
material to produce one or more 4-ADPA interme-
diates.

2. Method of claim 1 wherein said suitable solvent
system includes a solvent selected from aniline, nitro-
benzene, dimethylsulfoxide, dimethylformamide, pyri-
dine and mixtures thereof. .

3. Method of claim 2 wherein said solvent is selected
from aniline, dimethylsulfoxide, and dimethylformam-
ide.

4. Method of claim 2 wherein said solvent is aniline.

5. Method of claim 2 wherein said solvent is nitroben-

_zene:

6. Method of claim 2 wherein said solvent is dlmeth-
ylsulfoxide.

4. Method of claim 2 wherein said solvent is dimeth-
ylformamide.

8. Method of clalm 2 wherein said solvent is N-
methylpyrolidone.

9. Method of claim 2 wherein said solvent is pyridine.

10. Method of claim 2 wherein said suitable solvent
system includes a protic solvent.

11. Method of claim 10 wherein said protic solvent is
selected from methanol, water and mixtures thereof.

—

5

20

12. Method of claim 1 wherein said solvent system -

includes aniline and up to about 4 v/v % water based on

the total volume of the reaction mixture.

13. Method of claim 1 wherein said solvent system
includes dimethylsulfoxide and up to.about 8 v/v %
water based on the total volume of the reaction mixture.

14. Method of claim 1 wherein said solvent system -

includes aniline and up to about 3 v/v % methanol
based on the total volume of the reaction mixture. -
15. Method of claim 1 wherein said suitable tempera-
ture is from about —10° C. to about 150° C
16. Method of claim 1 wherein said suitable base is
selected from organic and inorganic bases.

40

45

17. The method of claim 16 wherein said organic and sg

inorganic bases include alkali metals, alkali metal hy-
drides, alkali metal hydroxides, alkali metal alkoxides,
phase transfer catalysts in conjunction with a base
source, aminos and mixtures thercof.

18. The method .of claim 1 wherein said base is an 55

alkali metal. .

19. The method of claim 1 wherein said base is an
alkali metal hydride.

20. The method of claim 1 wherein said base is an
alkali metal hydroxide.

21. The method of claim 1 wherein said base is a
phase transfer catalyst in conjunction with a base
source.

22. The method of claim 1 wherein said base-is se-

60

lected from an’ aryl, alkyl, and aryl/alkyl ammonium 65

salt in conjunction with a base source.
23. The method of claim 1 wherein said base is a
crown ether.

: 14
24. The method of claim 1 wherein said base is an
amine.
25. The method of claim 1 wherein said base is com-
bined with aniline to form a mixture, which mixture is

- then brought into reactive contact with nitrobenzene.

26. The method of claim 1 wherein said aniline and
nitrobenzene are combined to form a mixture to which
the base is added. .

27. The method of claim 1 wherein said solvent is
aniline and said base is a tetraalkylammomum hydrox-
ide.

28. The method of claim 1 wherein said aniline and
nitrobenzene are reacted under aerobic conditions.

29. The method of claim 1 wherein said- aniline and
nitrobenzene are reacted under anaerobic conditions. .

30. A method of producing #amlnodlphenylannne
(4-ADPA) comprising the steps of:

a) bringing aniline and nitrobenzene into reactive

contact in a suitable solvent system;

b) reacting the aniline-and nitrobenzene in a confined
Zone at a suitable temperature, and in the presence
of a suitable base and controlled amount of protic
material to produce one or more 4-ADPA interme-
diates; and

c) reducing the 4-ADPA intermediates under condi-
tions which produce 4-ADPA.

31. Method of claim 30 wherein said suitable solvent
system includes a solvent selected from aniline, nitro-
benzene, dimethylsulfoxide, dimethylformamide, N-
methylpyrolidone, pyridine and mixtures thereof.

32. Method of claim 31 wherein said solvent is se-
lected from aniline, dimethylsulfoxide, dimethylform-
amide, and mixtures thereof.

33. Method of claim 31 wherein said solvent is aniline.

34. Method of claim 31 wherein said solvent is nitro-
benzene.

35. Method of claim 31 wherein said solvent is di-
methylsulfoxide.

36. Method of claim 31 wherein said solvent is di-
methylformamide.

37: Method of claim 31 wherein said solvent is N-
methylpyrolidone.

38. Method of claim 31 whercm said solvent is pyri-
dine.

39. Method of claim 31 wherein said suitable solvent
system includes a protic solvent.

40. Method of claim 39 wherein said protic solvent is
selected from methanol, water and mixtures thereof..

41. Method of claim 30 wherein said solvent system
includes aniline and up to about 4 v/v % water based on
the total volume of the reaction mixture.

42. Method of claim 30 wherein said solvent system
includes dimethylsulfoxide and up to about 8 v/v %
water based on the volume of the reaction mixture.

43. Method of claim 30 wherein said solvent system
includes ‘aniline and up to about 3 v/v % methanol
based on the volume of the reaction mixture.

44. Method of claim 30 wherein said suitable tempera-
ture is from about —10° C. to about 150° C..

. 45. Method of claim 30 wherein said suitable base is
selected from organic and inorganic bases.

46. The method of claim 45 wherein said organic and
inorganic bases include alkali metals, alkali metal hy-
drides, alkali metal hydroxides, phase transfer catalysts
in conjunction with a base source, and mixtures thereof,
.. 47. The method of claim 30 wherein said base is an
alkali metal.
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48. The method of claim 30 wherein said base is an

‘alkali metal hydride.

49. The method of claim 30 wherem said base is an
alkali metal hydroxide.

$0. The method of claim 30 wherein said base is a
phase transfer catalyst in conjunction with a base
source. '

51. The method of claim 30 wherein said base is se-
lected from an aryl, alkyl and aryl/alkyl ammonium salt
in conjunction with a base source.

52. The method of claim 30 wherein said base is a
crown ether in conjunction with a base source.

§3. The method of claim 30 wherein said base is an
amine.

54. The method of claim 30 wherein said base is com-
bined with aniline to form a mixture, which mixture is
then brought into reactive contact with nitrobenzene.

55. The method of claim 30 wherein said aniline and

the base is added.

56. The method of claim 30 wherein said solvent is
aniline and said basc is a tetraalkylammonium hydrox-
ide.

10

15

. nitrobenzene are combined to form a mixture to whlch 20

57. The method of claim 30 wherein said aniline and 25

nitrobenzene are reacted under aerobic conditions.”
$8. The method of claim 30 wherein said aniline and

nitrobenzene are reacted under anaerobic conditions.
59. A method of claim 30 wherein said 4-ADPA

intermediates are reduced utilizing hydrogen in the 30

presence of a suitable catalyst.
60. A method of claim 59 wherein said catalyst is-
platinum on carbon.

61. A method of producing alkylated p-phcnylenedxa-
35

mines comprising the steps of:

2) bringing aniline and nitrobenzene into reactive
contact in a suitable solvent system;

b) reacting the aniline and nitrobenzene in a confined

" zone at a suitable temperature, and in the presence
of a suitable base and controlled amount of protic
material to produce one or more 4-ADPA interme-
diates.

c) reducing the 4ADPA intermediates to produce
4-ADPA; and

d) reductively alkylating the 4-ADPA of Step c)

62. Method of claim 61 wherein said suitable solvent

‘system includes a solvent selected from aniline, nitro-

benzene, dimethylsulfoxide, dimethylformamide, pyri-
dine and mixtures thereof.

63. Method of claim 62 wherein said solvent is se- 50

lected from aniline, dimethylsulfoxide, dimethylform-
amide, and mixtures thereof.
_ 64. Mecthod of claim 62 wherein said solvent is aniline.

65. Method of claim 62 wherein sald solvent is nitro- s5

benzene.

66. Method of claim 62 wherein said solvent is di-
methylsulfoxide.

67. Method of claim 62 wherein sald solvent is di-
methylformamide.

68. Method of claim 62 wherein said solvent is N-
methylpyrolidone. ’

69. Method of claim 62 wherein said solvent is pyri-
dine.

45

6

65

16

70. Method of claim 62 wherein said suitable solvent
system includes a protic solvent.

71. Method of claim 70 wherein said proti¢ solvent is
selected from methanol, water and mixtures thereof.

72. Method of claim 62 wherein said solvent system -
includes aniline and up to about 4 v/v % water based on -
the volume of the reaction mixture.

73. Method of claim 62 wherein said. solvent system
includes dimethylsulfoxide and up 1o about 8 v/v %
water based on the volume of the reaction mixture.

74. Method of claim 62 wherein said solvent system
includes aniline and up to about 3 v/v % methanol
based on the volume of the reaction mixture.

75. Method of claim 62 wherein said suitable tempera—
ture is from about —10° C. to about 150° C.

76. Method of claim 62 wherein said suitable base is
selected from organic and inorganic bases.

77. The method of claim 76 wherein said organic and
inorganic bases include alkali metals, alkali metal hy-
drides, alkali metal hydroxxd«s, alkali metal alkoxides,
phase transfer catalysts in conjunction with a base
source, amines and mixtures thereof. .

78. The method of claim 62 wherein said base is an
alkali metal.

79. The method of claim 62 wherein said base is an
alkali metal hydride. ’

80. The method of claim 62 wherein said base isan .

alkali metal hydroxide.

81. The method of claim 62 wherem said base isa
phase transfer catalyst in conjunction with a base
source.

82. The method of claim 62 wherein said base is se- .
lected from an aryl, alkyl, and aryl/alkyl ammonium
salt in conjunction with a base source.

83. The method of claim 62 whcrem said base is a
crown ether.

84. The method of claim 62 wherein said base is an
amine.

85. The method of claim 62 wherem said base is com-

40 bined with aniline to form a mixture, which mixture is
then brought into reactive contact with nitrobenzene. -

86. The method of claim 62 wherein said aniline and
nitrobenzene are combined to form a mxxture to which.
the base is added.

87. The method of claim 62 whercm said solvent is
aniline and said base is a tetraalkylammonium hydrox-

" ide.

88. The method of claim 62 wherein said aniline and
nitrobenzene are reacted under aerobic conditions.

89. The method of claim 62 wherein said aniline and
nitrobenzene are feacted under anaerobic conditions.

90. The method of claim 61 Wherein said 4-ADPA is -
reductively nlkylated utilizing & ketone selected from -
the group consisting of acetone, methylisobutylketone,
methylisoamylketone, and 2-octanone. -

91. Method of claim 90 wherein said ketonc is ace- .
tone. .

92. Method of claim 90 wherein said ketone is methy]-
isobutylketone.

93. Method of claim 90 wherein said ketonc is me- -
thylisoamylketone.

94. Method of claim 90 wherem said ketone is 2-octa

none. .
ctto.
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(57} ABSTRACT

A method of producing 4-ADPA is disclosed wherein aniline
or substituted aniline derivatives and nitrobenzene are
reacted under suitable conditions to produce 4-nitrodiphe-
nylamine or substituted derivatives thereof and/or 4-nitroso-
diphenylamine or substituted derivatives thereof and/or their
salts, either or both of which are subsequently reduced to
produce 4-ADPA or substituted derivatives thereof. The
4-ADPA or substituted derivatives thereof can be reduc-
tively alkylated to produce p-phenylenediamine products or -
substituted derivatives thereof which are useful as antiozo-
nants.'A second embodiment of the invention is the tetra-
substituted ammonium salts or alkyl substituted diammo-
nium salts of 4-nitrodiphenylamine, 4-nitrosodiphenylamine
and the substituted derivatives thereof wherein each sub-
stituent of the tetrasubstituted ammonijum ion is indepen-
dently selected from the group consisting of alkyl, aryl and
arylalkyl groups and each alkyl substituent of the alkyl
substituted diammonium salt is independently selected.

31 Claims, No Drawings
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METHOD OF PREPARING
4-AMINODIPHENYLAMINE

This application is a Continuation of U.S. Ser. No.
08/157,120 filed Dec. 6, 1993, now U.S. Pat. No. 5,453,541
which is a 35 USC 371 of PCT/US92/02232 filed Mar. 27,

1992, which is a Continuation-in-part of U.S. Ser. No. .

07/719,876 filed Jun. 21, 1991, now U.S. Pat. No. 5,117,063
issued May 26, 1992.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods for preparing
4-aminodiphenylamine (4-ADPA) and, more particularly,
relates-to a method for preparing 4-ADPA wherein aniline is
reacted with nitrobenzene in the presence of a base, and
under conditions wherein the amount of protic material, e.g.,
water, is controlled, to produce a mixture rich in the salt of
4-nitrodiphenylamine and/or the salt of 4-nitrosodipheny-
lamine. The 4-nitrodiphenylamine and/or 4-nitrosodipheny-
lamine salts can be isolated and subsequently hydrogenated
or, alternatively, the reaction mixture itself is hydrogenated,
to produce 4-ADPA in high yield. The present invention also
relates to methods for preparing 4-ADPA intermediates as
well as to alkylated p-phenylenediamine products useful as
antioxidants.

- 2. Related Art

It is known to prepare 4-ADPA by way of a nucleophilic
aromatic substitution mechanism, wherein an aniline deriva-
tive replaces halide. This method involves preparation of a
4-ADPA intermediate, namely 4-nitrodiphenylamine
(4-NDPA) followed by reduction of the nitro moiety. The
4-NDPA is prepared by reacting p-chloronitrobenzene with
an aniline derivative, such as formanilide or an alkali metal
salt thereof, in the presence of an acid acceptor or neutral-
izing agent, such as potassivm carbonate, and, optionally,
utilizing a catalyst. See, for example, U.S. Pat. Nos. 4,187,
248; 4,683,332; 4,155,936; 4,670,595; 4,122,118; 4,614,
817; 4,209,463; 4,196,146; 4,187,249; 4,140,716. This
method is disadvantageous in that the halide that is displaced
is corrosive to the reactors and appears in the waste stream
and must therefore be disposed of at considerable expense.
Furthermore, use of an aniline derivative such as formanil-
ide, and use of p-chloro-nitrobenzene, requires additional
manufacturing equipment and capabilities to produce such
starting materials from aniline and nitrobenzene, respec-
tively. ’ !

It is also known to prepare 4-ADPA from the head-to-tail
coupling of aniline. See, for example, G.B. 1,440,767 and
U.S. Pat. No. 4,760,186. This method is disadvantageous in
that the yield of 4-ADPA is not acceptable for a commercial
process. It is also known to decarboxylate a urcthane to
produce 4-NDPA. See U.S. Pat. No. 3,847,990. However,
such method is not commercially practical in terms of cost

‘and yield.
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It is known to prepare 4-ADPA by hydrogenating p-ni-

trosodiphenylbydroxylamine which can be prepared by cata-
lytic dimerization of nitrosobenzene utilizing, as a reducing
agent, aliphatic compounds, benzene, naphthalene or ethyl-
enically unsaturated compounds. See, for example, U.S. Pat.
Nos. 4,178,315 and 4,404,401. It is also known to prepare
p-nitrosodiphenylamine from diphenylamine and an alkyl
nitrate in the presence of excess hydrogen chloride. See, for
example, U.S. Pat. Nos. 4,518,803 and 4,479,008.

60
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It is also known to produce 4-nitrosodiphenylamine by
reacting acetanilide and nitrobenzene in DMSO in the
presence of sodium hydroxide and potassinm carbonate at
80° C. for 5 hours. See Ayyangar et al., Tetrahedron Letters,
Vol. 31, No. 22, pp. 3217-3220 (1990). See also, Wohl,

.Chemische Berichte, 36, p. 4135 (1903) and Chemische

Berichte, 34, p. 2442 (1901). However, the yield of 4-ni-
trosodiphenylamine is low and is therefore not commercially
practical. Furthermore, such method requires utilization of
an aniline derivative, namely, acetanilide, and therefore
increases the cost of the starting materials.

The process of the present invention.does not include a
halide source and therefore eliminates the expensive halide
removal from the waste stream. In addition, the process of
the present invention is much less expensive in terms of
manufacturing costs, as well as the cost of raw materials,
because instead of the derivatives of aniline and nitroben-
zene, the present method utilizes aniline and nitrobenzene
directly. ‘

SUMMARY OF THE INVENTION
The present invention is directed to a method of preparing

. 4-ADPA intermediates or the substituted derivatives thereof,

¢.g., 4-nitrodiphenylamine (4-NDPA) and the salts thereof,
and/or 4-nitrosodiphenylamine (p-NDPA or 4-NODPA) and/
or the salts thereof, wherein aniline or substituted aniline
derivatives and nitrobenzene are brought into reactive con-
tact in a suitable solvent system, and then reacted in the
presence of a base and under conditions wherein the amount

-of protic material, such as water, is controlled. The resulting

reaction mixture is rich in 4-ADPA intermediates or the
substituted derivatives thereof, including the 4-nitrodiphe-
nylamine and/or 4-nitrosodiphenylamine salts. The process
can be utilized according to the teachings of the present
invention to produce a high yield of the 4-nitroso product
(p-nitrosodiphenylamine and its salt) with little or no 4nitro
product. The 4-nitroso reaction product mixture can then be
hydrogenated directly, or the 4-nitroso product can then be
isolated and subsequently hydrogenated, to produce
4-ADPA in high yield. Similarly, the 4-nitro product (4-ni-
trodiphenylamine and its salt) can be produced in high yield
with little or no 4-nitroso product, and the 4-nitro product,
or the isolated 4-mitro product, can be hydrogenated to
produce 4-ADPA in high yield. Alternatively, the 4-nitro and
4-nitroso products are both produced and are not isolated but
the reaction mixture is hydrogenated directly to produce
4-ADPA. The resulting 4-ADPA can be utilized to prepare-
alkylated products of p-phenylenediamine, which products
are useful as antioxidants and antiozonants. Altemnatively,
the 4-ADPA intermediates can be reduced and the reduced
material alkylated in the same reaction vessel utilizing a
ketone as a solvent.

In one embodiment of the invention, the amount of protic
material present during the reaction of aniline or substituted
aniline derivatives and nitrobenzene is controlled by having
a desiccant present during the reaction. In another embodi-
ment, the amount of protic material present during the
reaction of dniline or substituted aniline derivatives and
nitrobenzene is controlled by continuously removing protic
material by distillation.

The present invention is further directed to the tetrasub-
stituted ammonjum salts or alkyl substituted diammonium
salts of 4-nitrodiphenylamine, 4-nitrosodiphenylamine and
the substituted derivatives thereof wherein each substituent
of the tetrasubstituted ammonium salt is independently
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selected from the group consisting of alkyl, aryl and aryla-
Ikyl groups and each alkyl substituent of the alkyl substi-
tuted diammonium salt is independently selected.

DETAILED DESCRIPTION OF THE
INVENTION

The subject method for producing 4-ADPA intermediates
involves the steps of:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system;

b) reacting the aniline or substituted aniline derivatives
and nitrobenzene in a confined zone, such as a reactor, ata
suitable temperature and in the presence of a suitable base
and a controlled amount of protic material, such as water, to
produce 4-nitrodiphenylamine or substituted derivatives
thereof and its salt and/or 4-nittosodiphenylamine or sub-
stituted derivatives thereof and its salt.

For producing 4-ADPA or substituted derivatives thereof,
the subject method includes the following step:

¢) reducing the 4-nitrosodiphenylamine or substituted
derivatives thercof and its salt and/or the 4-nitrodipheny-
lamine or substituted derivatives thereof and its salt to
produce 4-ADPA.

For producing alkylated p-phenylenediamines or substi-
tuted derivatives thereof, the subject method includes the
step of:

d) reductively alkylating the 4-ADPA or substituted
derivatives thereof of Step c).

As utilized herein, the term “4-ADPA intermediates™
means 4-nitrodiphenylamine, 4-nitrosodiphenylamine (also
referred to as p-nitrosodiphenylamine), the substituted
derivatives thereof and the salts thereof. Thus, reference to
“one or more 4-ADPA intermediates” refers to one or both
of the neutral compounds, i.e., those that are not in the form
of a salt, and/or the salt of one or both of such compounds.
The salt is produced in the reaction mixture from reaction of
the 4-nitro and/or 4-nitroso products with the base, Thus, the
reaction mixture produced in the method of the present
invention can include one of the compounds or salts or any
combination thereof depending on the specific reaction
conditions selected.

The molar ratio of aniline or substituted aniline deriva-

tives to nitrobenzene can vary from a large excess of

nitrobenzene to a large excess of aniline or substituted
aniline derivative. Preferably, the reaction is conducted
utilizing an excess of aniline or substituted aniline deriva-
tive. The ratio of 4-nitro to 4-nitroso produced in the reaction
of the present invention can be controlled by varying the
ratio of aniline to nitrobenzene. For example, the higher the
ratio of aniline to nitrobenzene, the higher the ratio of
4-nitroso to 4-nitro. Conversely, the higher the ratio of
nitrobenzene to aniline, the higher the ratio of 4-nitro to
4-nitroso.

As used herein, the term “substituted aniline derivatives”
means aniline containing one or more electron withdrawing
or electron releasing substituents on the aromatic ring.
Applicable substituents include, but are not limited to,
halides, —NO,, —NH,, alkyl groups, alkoxy groups,
—80,, —COOH and aryl, aralkyl or alkaryl groups con-
taining at least one —NH, group. Halides are selected from
the group consisting of chloride, bromide and fluoride. The
preferred alky! and alkoxy groups contain from 1 to about 6
carbon atoms. The preferred aryl, aralky! and alkaryl groups

4

contain from about 6 to about 18 carbon atoms. Examples of
substituted aniline derivatives include, but are not limited to,
2-methoxyaniline, 4-methoxyaniline, 4-chloroaniline,
p-toluidine, 4-nitroaniline, 3-bromoaniline, 3-bromo-4-ami-
notoluene, p-aminobenzoic acid, 2,4-diaminotoluene, 2,5-
dichloroaniline, 1,4-phenylene diamine, 4,4'-methylene

" dianiline, 1,3,5-triaminobenzene and mixtures thereof.

35
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Aniline or substituted aniline derivatives can be added
directly or can be formed in situ by addition of a compound
that will form aniline or the corresponding aniline derivative
under the conditions present in the reaction system.

Azobenzene is also produced in this reaction in variable
quantities depending on the reaction conditions. One way of
controlling azobenzene production is through the ratio of
aniline to nitrobenzene. Thus, as this ratio is increased, the
amount of azobenzene generally decreases. As discussed
below, and as illustrated in the Examples set forth below,
other variables, such as the amount of base and oxygen, can
also affect the amount of azobenzene produced. Thus, uti-
lizing the teachings of the present invention, one skilled in
the art can conduct the reaction of the present invention to
control the amount of azobenzene that is produced.

Suitable solvent systems include, but are not limited to,
solvents such as, for example, dimethylsulfoxide, N-meth-
ylpymrolidone, dimethylformamide, aniline, pyridine,
nitrobenzene, nonpolar hydrocarbon solvents such as tolu-

_ene and hexane, ethyleneglycol dimethy] ether, diisopropyl

cthylamine, and the like, as well as mixtures thereof. Pref-
erably, aniline or substituted aniline derivative is used in
excess in the reaction as stated above, and the aniline or
substituted aniline derivative in excess of the molar amount
of nitrobenzene serves as the solvent. As described in more
detail below, solvent mixtures can be utilized wherein one or
more of the suitable solvents and another solvent, such as a
controlled amount of a protic solvent, e.g., methanol, are
combined. :

Suitable bases include, but are not limited to, organic and
inorganic bases such as, for example, alkali metals, such as
sodium metal, alkali metal hydrides, hydroxides and alkox-
ides, such as sodium hydride, lithium hydroxide, sodium
hydroxide, cesium hydroxide, potassium hydroxide, potas-
sium t-butoxide, and the like, including mixtures thereof.
Other acceptable base materials include, but are not limited
to, phase transfer catalysts in conjunction with a suitable
base source such as tetrasubstituted ammonium hydroxides
wherein each substituent is independently selected from
alkyl, aryl or arylalkyl groups wherein the alkyl, aryl and
arylalkyl groups preferably have 1 to about 18 carbon atoms,
including tetraalkylammonium hydroxides, e.g., tetramethy-
lammonium hydroxide, aryl, trialkyl ammonium hydrox-
ides, e.g., phenyltrimethylammonium hydroxide, arylalkyl,
trialkylammonium hydroxides, e.g., benzy} trimethylammo-
nium hydroxide, alkyl substituted diammonium hydroxides,
e.g., bis-dibutylethyl hexamethylene diammmonium hydrox-
ide, and other combinations of phase transfer catalysts and
suitable bases such as suitable bases in conjunction with aryl
ammonijum salts, crown ethers and the like, and amine bases,
such as lithium bis(trimethylsilyl) amide, and the like,
including mixtures thereof. Preferred materials (bases) for
use as bases are tetraalkylammonium hydroxides such as
tetramethylammonium hydroxide. Preferably, the base is
added to the aniline or substituted aniline derivative to
produce a mixture which is then combined with the
nitrobenzene. Alternatively, the base can be added after the
aniline or substituted aniline derivative and nitrobenzene
have been combined. Addition of materials can be above or
below surface addition. The amount of base utilized in the
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present process can vary over a wide range. For example, the
reaction can be conducted in a manner which is limiting ia
base or the reaction can be conducted in a manner which is
limiting in nitrobenzene or aniline or substituted aniline
derivative depending, among other factors, on the desired
degree of minimization of azobenzene.

The reaction is conducted at a suitable temperature which
can vary over a wide range. For example, the temperature
can fall within a range of from about ~10° C. to about 150°
C., such as from about 0° C. to about 100° C., preferably
from about 10° C. to about 90° C. A most preferred
temperature for conducting the reaction of the present inven-
tion is from about 60° C. to about 80° C., such as at 75° C.
Where aniline is utilized as the solvent under aerobic
reaction conditions, as the temperature of the reaction
increases, the amount of azobenzene produced increases.
However, where the reaction is conducted in aniline under
anaerobic conditions, higher temperatures do not necessarily
increase the amount of azobenzene. Where production of
azobenzene is not a problem, higher temperatures will be
suitable. However, where it is desired to minimize the
amount of azobenzene, lower temperatures or anaerobic
reaction conditions are more suitable. Alternatively, to mini-

=

0

mize the amount of azobenzene while conducting the reac-

tion at higher temperatures, a solvent other than aniline can
be used and the ratio of aniline or substituted aniline
derivative to nitrobenzene can be controlled.

Control of the amount of protic material present in the
reaction is important. Generally, when the' reaction is con-
ducted in aniline, water present in the reaction in an amount
greater than about 4% H,0, (based on volume of the
reaction mixture) inhibits the reaction of the aniline with the
nitrobenzene to an extent where the reaction is no longer
significance. Reducing the amount of water to below the 4%
level causes the reaction to proceed in an acceptable manner.
When tetramethylammonium hydroxide is utilized as a base
with aniline as the solveat, as the amount of water is reduced
further, e.g., down to about 0.5% based on the volume of the
reaction mixture, the total amount of 4-nitrodiphenylamine
and 4-nitrosodiphenylamine and/or salts thereof increases
with some loss in selectivity so that more 2-nitrodipheny-
lamine is produced but still in minor amounts. Thus, the
present reaction conld be conducted under anhydrous con-
ditions. A “controlled amount” of protic material is an
amount up to that which inhibits the reaction of aniline with
nitrobenzene, e.g., up to about 4% H,O based on the volume
of the reaction mixture when aniline is utilized as the
solvent. The upper limit for the amount of protic material
present in the reaction varies with the solvent. For example,
when DMSO is utilized as the solvent and tetramethylam-
monium hydroxide is utilized as the base, the upper limit on
the amount of protic material present in the reaction is about
8% H,0 based on the volume of the reaction mixture. When
aniline is ntilized as a solvent with the same base, the upper
limit is 4% H,O based on the volume of the reaction
mixture. In addition, the amount of protic material tolerated
will vary with type of base, amount of base, and base cation,
used in the various solvent systems. However, it is within the

25
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skill of one in the art, utilizing the teachings of the present

invention, to determine the specific upper limit of the
amount of protic material for a specific solvent, type and
amount of base, base cation and the like. The minimum
amount of protic material necessary to maintain selectivity
of the desired products will also depend on the solvent, type
and amount of base, base cation and the like, that is utilized
and can also be determined by one skilled in the art.
Since the amount of protic material present in the reaction
is important, it is possible to reduce the amount of protic

65
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-material present as much as possible and then add back to

the reaction the desired amount, e.g., 0.5 vol. % when aniline
is used as the solvent. Protic materials that can be utilized to
add back to the reaction are known to those skilled in the art
and include, but are not limited to, water, methanol and the
like. Methods for measuring the amount of protic material
and for reducing the amount of protic material as much as
possible are well known in the art. For example, the amount
of water present in certain reagents can be determined by
utilizing a Karl-Fischer apparatus, and the amount of water
can be reduced through distillation and/or drying under
reduced pressure, drying in the presence of P,O; and other
agents, azeotropic distillation utilizing, for example, amlme,
and the like, including combinations thereof.

In one embodiment for controlling the amount of protic
material during the reaction of aniline or substituted aniline
derivatives and nitrobenzene, a desiccant is addedsoastobe
present during the reaction of aniline or substituted aniline
derivative and nitrobenzene. For example, when the protic
material i3 water, the desiccant removes water present dur-
ing the reaction of aniline or substituted aniline derivatives
and nitrobenzene and results in higher conversion of
nitrobenzene and yields of 4-nitrodiphenylamine and 4-ni-
trosodiphenylamine or substituted derivatives thereof. As
used herein, desiccant is a compound present during the
reaction of aniline or substituted aniline derivatives and
nitrobenzene in addition to the suitable base used. Examples
of suitable desiccants include, but are not limited to, anhy-
drous sodium sulfate, molecular sieves such as types 4A, SA
and 13X available from the Union Carbide Corporation,
calcium chloride, tetramethy]l ammonium hydroxide dihy-
drate, anhydrous bases such as KOH and NaOH, and acti-
vated alumina.

In another embodiment for controlling the amount of
protic material during the reaction of aniline or substituted
aniline derivatives and nitrobenzene, protic material is con-
tinuously removed from the reaction mixture by distillation.
When the protic material is water, the preferred method
involves continuous azeotropic distillation of water utilizing
the water/aniline azeotrope. The continuous distillation of
profic material is the currently preferred method for con-
trolling the amount of protic material present during the
reaction of aniline or substituted aniline derivatives and
nitrobenzene, The continuous removal -of protic material
allows the use of lower amounts of base in the reaction of
aniline or substituted aniline derivatives and nitrobenzene
while achieving very high conversion of nitrobenzene and
excellent yields of 4-nitrodiphenylamine and 4-nitroso-
diphenylamine and/or salts thereof or substituted derivatives
thereof.

The reaction can be conducted under aerobic or anaerobic
conditions. Under aerobic conditions, the reaction is con-
ducted essentially as described above in a reaction zone
which is exposed to oxygen, usually by exposure to air.
Under aerobic conditions, the pressure at which the reaction
is conducted can vary and the optimal pressure, as well as
the optimal combination of pressure and temperature/pres-
sure conditions, are easily determined by one skilled in the
art. For example, the reaction can be conducted at room
temperature and at a pressure ranging from about 10 psig to
about 250 psig, such as from about 14 to about 150 psig.
Under anaerobic conditions, the reaction can be conducted
at atmospheric pressure or reduced or increased pressures, in
the presence of a neutral gas such as, for example, nitrogen
or argon. Optimal conditions for a particular set of reaction
parameters, such as temperature, base, solvent and the like, .
are easily determined by one skilled in the art utilizing the
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teachings of the present invention. It has been observed that
less azobenzene is produced when the reaction is conducted
anaerobically with aniline as the solvent. It has also been
observed that less azobenzene is produced when the reaction
is conducted aerobically with DMSO, and other similar
solvents, as the solvent,

The 4-nitrodiphenylamine or substituted derivatives
thereof and/or 4-nitrosodiphenylamine or substituted deriva-
tives thereof and/or their salts can be reduced to 4-ADPA or
substituted derivatives thereof, The neutral compounds can
be generated from the salts utilizing water and/or an acid.
See, for example, Example 1D. Alternatively, the salts can
be reduced as shown in Example 1A. This reduction can be
carried out by any of many known reductive processes, such
as using a hydride source, e.g., sodium borohydride in
conjunction with palladium- or platinum-on-carbon catalyst.
Preferably, this reduction is conducted by a catalytic reduc-
tion wherein hydrogenation is effected under bydrogen
pressure in the presence of platinom- or palladium-on-
carbon, nickel, and the like, This hydrogenation process is
described in detail in “Catalytic Hydrogenation in Organic
Synthesis”, P. N. Rylander, Academic Press, N.Y., p. 299
(1979), which is hereby incorporated herein by reference.
The hydrogenation can be conducted in a variety of solvents
including, but not limited to, tolueme, xylene, aniline,
4-ADPA, water and mixtures thereof. Preferably, the hydro-
genation is conducted utilizing a platinum-on-carbon or
palladiom-on-carbon catalyst in a suitable solvent such as,
for example, either toluene, 4-ADPA, xylene or aniline,
mixtures thereof, or mixtures which include water as the
solvent and a hydrogen pressure of from 100 psig H, to
about 340 psig H, at a temperature of about 80° C.

Reductive alkylation of 4-ADPA to produce antiozonants
can be conducted by any one of several well known meth-
ods. See, for example, U.S. Pat. No. 4,900,868. Preferably,
4-ADPA and a suitable ketone or aldehyde are reacted in the
presence of hydrogen and platinum on carbon as catalyst.
Suitable ketones include methylisobutyl ketone (MIBK),
acetone, methylisoamylketone and 2-octanone. It should be
noted that reduction of the 4-ADPA intermediates and alky-
lation of the reduced material can be conducted in the same
reaction vessel utilizing the ketone as a solvent. See, for
example, U.S. Pat. No. 4,463,191, and Banerjee et al, J.
Chem. Soc. Chem. Comm. 18, 1275-76 (1988).

Contemplated equivalents of the reactants and reagents
set forth above are reactants and reagents otherwise corre-
sponding thereto and having the same general properties
wherein one or more of the various groups, e.g., NO,, are
simple variations. In addition, where a substituent is desig-
nated as, or can be, a hydrogen, the exact chemical nature of
a substituent which is other than hydrogen at that position is
not critical so long as it does not adversely affect the overall
activity and/or synthesis procedure.

The chemical reactions described above are generally
disclosed in terms of their broadest application to the
method of this invention. Occasionally, the reaction condi-
tions may not be applicable as specifically described to each
reactant and reagent within the disclosed scope. For
example, certain suitable bases may not be as soluble in one
solvent ‘as they are in other solvents. The reactants and
reagents for which this occurs will be readily recognized by
those skilled in the art. In all such cases, either the reactions
can be successfully performed by conventional modifica-
tions known to those skilled in the art, e.g., by appropriate
adjustments in temperature, pressure and the like, by chang-
ing to altemative conventional reagents such as other sol-
vents or other bases, by routine modification of reaction

conditions, and the like, or other reactions disclosed herein

or otherwise conventional, will be applicable to the method
of this invention. In all preparative methods, all starting

40
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materials are known or are readily preparable from known
starting materials.

Without further elaboration, it is believed that one skilled
in the art can, using the preceding description, utilize the
present invention to its fullest extent. The following pre-
ferred specific embodiments are, therefore, to be construed
as merely illustrative, and not limitative of the remainder of
the disclosure in any way whatsoever.

All reagents were used as received except that the bases
and solvents were dried as described hereinafter. Unless
indicated otherwise, all yields were determined by HPLC
according to the following method.

Materials and Methods Aniline or substituted aniline
derivatives and nitrobenzene were reagent grade and were
used without further purification. Solvents were purchased
from Aldrich Chemical and were anhydrous grade. The
tetramethylammonium hydroxide was purchased as the pen-
tahydrate. The solid was dried in a desiccator over POy
under vacuum for several days before use. Titration of the
resulting solid showed the dried material to be the dihydrate.

HPLC Assay: Reverse phase HPLC was used to analyze
the reaction mixtures. A 5 pm Beckman/Altex Ultrasphere-
ODS (4.6x150 mm) column was employed using a ternary
gradient pump system. .

Elution Gradient
Time
(min)  Flow Rate (mL/Min) % Water % ACN % McOH
0 15 90 10 0
120 L5 63 30 8
121 15 60 20 20
15 L5 60 20 20
35 1.5 10 45 45
40 L5 10 45 45
41 15 90 10 [}
50 15 90 10 0
EXAMPLE 1

A) This example illustrates a neat reaction of aniline and
nitrobenzene under aerobic conditions at room temperature
to generate 4-NDPA and p-nitrosodiphenylamine (p-NDPA)
products. The reaction mixture was then hydrogenated
directly to generate 4-ADPA.

A 500 mL three-necked round bottom flask was equipped
with a magnetic stir bar. The reaction vessel was charged
with 196 mL of aniline and nitrobenzene (4.3 mL, 42
mmole). To the stirred reaction mixture was added tetram-
ethylammonium hydroxide dihydrate (17.7 grams, 140
mmoles) as a solid. The reaction was shown to have con-
sumed nearly all the nitrobenzene after two hours, however,
the reaction was allowed to stir for 18 hours, After this time
>99% of the nitrobenzene was consumed. HPLC analysis of
the reaction mixture indicated the following yields of prod-
ucts based on nitrobenzene: 4-NDPA (6.4 mmole, 1.37 g,
15%). p-NDPA (30.6 mmole, 6.1 g, 73%), 2-NDPA (0.3
mmole, 0.064 g, 0.7%), azobenzene (3.6 mmole, 0.65 g,
8.5%), phenazine (0.8 mmole, 0.14 g, 1.9%). phenazine-N-
oxide (0.3 mmole, 0.05 g, 0.7%).

Water (16 ml) was added to the mixture and the entire
reaction was then charged into a 300 cc autoclave for
hydrogenation. A 1% Pt/carbon catalyst (0.5 grams dry
weight) was added to the autoclave. The reaction mixture
was heated to 80° C. under 150 psig of H,, Hydrogen uptake
was complete within 30 minutes. HPLC analysis indicated
that 35.9 mmole of 4-ADPA was produced which corre-
sponds to a 97% yield based on moles of 4-NDPA and
p-NDPA.
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B) This is an example of the reaction of anjline and
nitrobenzene at room temperature in dimethylsulfoxide
under anaerobic conditions. '

A 25 mL round bottom flask was charged with 4 mL of
DMSO, aniline, (200 pL, 1.9 mmole) and tetramethylam-
monium hydroxide dihydrate (330 mg, 2.5 mmole) under
argon. The reaction was allowed to proceed at room tem-
perature for 4 hours. Conversion of nitrobenzene was 68%.
HPLC apalysis indicated the following yields based on
nitrobenzene. 4-NDPA (30.5%), p-NDPA (33.6%), azoben-
zene (2.6%), azoxybenzene (trace).

C) This is an example of a neat reaction between aniline
and nitrobenzene at room temperature under anaerobic con-
ditions.

A 25 mL round-bottom flask was charged with aniline (1.8
L) and nitrobenzene (0.02 mL, 0.19 mmole) in a controlled
atmosphere glove box filled with argon. To this solution was
added tetramethylammonium hydroxide dihydrate (330 mg,
2.5 mmole). All the nitrobenzene was consumed after sev-
eral hours. HPLC analysis indicated the following yields
based on nitrobenzene: 4-NDPA 10%. p-NDPA 76%,
azobenzene 7%, and phenazine 5%.

D) This is an example of the reaction between aniline and
nitrobenzene at room temperature in DMSO under aerobic
conditions. This example also illustrates generation of
4-NDPA and p-NDPA from its salts utilizing water and acid.

The reaction mixture contained aniline (200 L, 2.1
mmole) and nitrobenzene (200 pL, 1.9 mmole) in 4 mL of
DMSO. Tetramethylammonium hydroxide dihydrate (330
mg, 2.5 mmole) was added in one portion. The reaction was
allowed to stir for 18 hours after which time 80% of the
nitrobenzene had been consumed. The reaction was dumped
into 200 mL of water which caused the immediate precipi-
tation of 4-NDPA. The solution was cooled on ice for several
hours and the product was filtered off and dried at 100° C.
The filtrate was treated with glacial acetic acid until the pH
was neutral which caused the precipitation of p-NDPA. The
precipitate was filtered and dried at 100° C. Isolated yields
based on nitrobenzene consumeéd: 4-NDPA (66%), p-NDPA

" (29%).

E) This is an example of the reaction of aniline and
nitrobenzene in DMSO at 80° C. under aerobic conditions.

A 250 mL round-bottom flask was charged with aniline
(0.05 mole, 4.6 g), nitrobenzene (0.05 mole, 6.1 g) and 75
mL of DMSO. Tetramethylammonium hydroxide dihydrate
(0.2 mole, 25.44 g) was added to the solution in one portion.
The reaction mixture was heated to 80° C., in an oil bath and
maintained at that temperature for 5 hours. The reaction was
analyzed by HPLC. Yields based on nitrobenzene; 4-NDPA
(35%), p-NDPA (51%), azobenzene (3.1%).

F) This is an example of the reaction of aniline and
nitrobenzene in DMF under aerobic conditions.

Aniline (200 pl, 2.1 mmole) and nitrobenzene (200 pL,
1.9 mmole) was dissolved in 5 mL of DMF. Tetramethy-
lammonium hydroxide dihydrate (1.0 g, 7.8 mmole) was
added to the reaction. The reaction was allowed to stir for 2
hours during which time 39% of the nitrobenzene was
consumed. Yields based on nitrobenzene consumed:
4-NDPA 99%, p-NDPA trace.

EXAMPLE 2

This example illustrates that the reaction of the present
invention can be conducted over a range of temperatures.
Four identical reactions were prepared in the following

manner and were run at 0°, 23°, 50° and 80° C. in the air. A 65

50 mL round-bottom flask was charged with mL of aniline
and nitrobenzene (1.0 mL, 9.5 mmole). Tetramethylammo-

4
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nium hydroxide dihydrate (4.40 g, 34.6 mmole) was added
and the reaction was allowed to proceed for § hours. Product
yields were determined by HPLC analysis and are based on
moles nitrobenzene consumed. Selectivity is the ratio of the
moles of product generated and the moles of nitrobenzene
consumed. Yield is conversion times selectivity.

TABLE 1
Nitrobenzene % %
Temp, °C. Conversion  Products Selectivity Yield
0 52% p-NDPA 34 18
4-NDPA 18 93
2-NDPA 22 10
phenazine 0.6 03
23 3% p-NDPA n 51
4-NDPA 12 85
azobenzene 17 12
phenazine trace
phenazine- .
N-oxide trace
50 v 98% p-NDPA 88 86
4-NDPA 78 7.6
2-NDPA : 1.7 16
azobenzene* 22 2
80 100% p-NDPA 89 . 89
4-NDPA ki 7
2-NDPA 2 2
azobenzene* 55 55

*The majority of azobenzene is produced presumably through oxidative
coupling of aniline. See D. T. Sawyer paper.

EXAMPLE 3

This example illustrates that control of the amount of
protic material present in the reaction is important. Four
identical reactions were run except the amount of water
added to the mixture was varied to include 0, 10, 50, and 100
uL. Thus aniline (2 mL) and amount of water added to the
mixture was varied to include 1, 10, 50, and 100 pL. Thus
aniline (2 mL) and nitrobenzene (2 mL) were charged into
a 25 mL round-bottom flask and various amounts of water
were added, Tetramethylammonium hydroxide dihydrate
(330 mg, 2.5 mmole) was added in one portion. The reac-
tions were allowed to run in the air at room temperature and
were sampled after 16 hours. An identical set of reactions
was also run where methanol was added instead of water.

TABLE 2

) Yield
Ratio mimole (mmole)
4-NDPA + p-NDPA/ 4-NDFA +
2-NDPA + Phenazine p-NDPA

Volume (pL) %
Water Added Water*
0 22 6.2 0.33
10 245 8.5 0.68
50 345 11.5 0.18
100 47 50 0.05
Volume (uL)
Methanol %

Added Methanol*

10 025 88 0.67
50 1.25 16 0.57
100 25 35 ) 042

*The % water and methanol is by volume. In the case when no water was
added the water present in the reaction was introduced from the tetramethy-
lammonium hydroxide dihydrate.

EXAMPLE 4

This example illustrates that vacious solvents can be
utilized in the practice of the method of this invention to
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produce 4-NDPA and/or p-NDPA products. The reactions set
forth in Table 3 were conducted as in Example 1 as indi-
cated, except that the solvent of Example 1 was changed to
that indicated in the table.

TABLE 3
Solvent Reaction Conditions
N-methyl-2-pyrrolidone 1D
DMSO/THF 1B
pyridine 1D
EXAMPLE 5

This example illustrates various bases which can be
utilized in the method of the present invention to produce
4-NDPA and/or p-NDPA products. The reactions set forth in
Table 4 were conducted as in Example 1 as indicated except
that the base of Example 1 was changed to that indicated in
the table,

TABLE 4

Base Reaction conditions
Na metal iD

NaH 1D

NaOH 1D

KOH 1D
Potassium t-butoxide 1D
Lithium bis(trimethylsilyl)amide 1B, 1D
NaOH/K,CO, 1D, IF

EXAMPLE 6

This example illustrates the unexpected increase in selec-
tivity and nitrebenzene conversion utilizing the method of
the present invention as compared to the method disclosed
in Ayyangar et al.

The reaction of acetanilide, nitrobenzene, NaOH, and
K,CO; in DMSO was run according to the procedure
described by Ayyangar et al. Tetrahedron Letters, Vol. 31,
No. 22, pp 3217-3220 (1990). Analysis of this reaction by
HPLC indicated 37% of the nitrobenzene was converted and
the following yields based on nitrobenzene, were achieved.
4-NDPA (6%), pNDPA (4.5%), azobenzene (0.7%).

In comparison, when the reaction is conducted according
to the teachings of the present invention, the conversions of
nitrobenzene and selectivities to the desired products are
greatly increased. For example, conducting the reaction as
described in Example 1D, aniline (0.05 mole), nitrobenzene
(0.05 mole) and tetramethylammonium hydroxide dihydrate
(0.2 mole) were mixed in 75 mL of DMSO, The reaction was
stirred at room temperature for 5 hours after which time the
reaction was analyzed by HPLC chromatography giving the

following results. Nitrobenzene conversion was (85%). .

Yield based on nitrobenzene: 4-NDPA (18%), p-NDPA
(51%) azobenzene (3%).

The reaction of acetanilide and nitrobenzene was also run
at room temperature, Thus, acetanilide (0.05 mole),
nitrobenzene (0.05 mole), NaOH (0.2 mole) and K,CO,
were dissolved in 75 mL of DMSO. The reaction was stirred
for 5 hours at room temperature (23° C.). Analysis of the
reaction showed no conversion of nitrobenzene and no
products detected.
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EXAMPLE 7

This example illustrates how the ratio of p-NDPA/4-
NDPA can be controlled by the ratio of aniline/nitrobenzene.

Aniline and nitrobenzene were reacted at various ratios,
while the total reaction volume and the amount of tetram-
ethylammonium hydroxide dihydrate were held constant.
Thus, in a typical reaction illustrating an aniline/nitroben-
zene volume ratio of 1, aniline (2 mL) and nitrobenzene (2
mL) were charged into a 25 mL round-bottom flask. Tet-
ramethylammonium hydroxide dihydrate (330 mg, 2.5
mmole) was added and the reaction was allowed to proceed
at room temperature in air for 14 hours. The reactions were
then analyzed by HPLC.

TABLE 5
Volume Ratio Ratio
Aniline/Nitrobenzene p-NDPA/4-NDPA
033 01
1 0.1
10 4
50 6
EXAMPLE 8

This example illustrates the effect that the amount of
protic material present in or added to the reaction has on the
extent of conversion and yields of 4NDPA and p-NDPA.

The amount of water added to a reaction of aniline,
nitrobenzene and tetramethylammonium hydroxide dihy-
drate in DMSO was varied from zero to 500 pL (0, 50, 150,
300, 500 pL) while keeping the total reaction volume
constant. Thus, a typical reaction contained aniline, (200 L,
2.1 mmole), nitrobenzene (200 pL, 1.9 mmole), tetramethy-
lammonivm hydroxide dihydrate (330 mg, 2.5 mmole) and
water (50 pL) in 3.55 mL of anhydrous DMSO. The reaction
was allowed to react acrobically at room temperature 24
hours after which time it was sampled and subjected to
HPLC analysis.

TABLE 6
Volume (uL) % % Conversion Yield (mmole)
Water Added Water Nitrobenzene 4-NDFA + p-NDPA
0 23 89 L5
50 35 73 0.99
150 6 63 0.62
300 9.75 12 - 0.23
500 147 3 0.05
EXAMPLE 9

This example illustrates the effect that increasing the
amount of base has on yields of 4-NDPA and p-NDPA under
conditions where the amount of protic material added to the
reaction is kept constant.

Three identical reactions were run except that the amount
of tetramethylammonium hydroxide dihydrate was varied in
each. In a typical reaction, aniline (2 mL), nitrobenzene (2
mL), water (100 pL) and tetramethylammonium hydroxide
dihydrate (330 mg, 2.5 mmole) were mixed and allowed to
react for 24 hours at room temperature in the air. In those
cases where the solution showed large amounts of precipi-
tates, an additional 10 ml. of aniline was added to solubilize
the reaction before sampling. All of these reactions were
analyzed by HPLC.
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TABLE 7
Volume % Grams mMoles Yield (mmole)
Water Added  Water  Base Base 4-NDFA + p-NDPA
100 43 0330 25 0.05
100 59  0.660 50 0.15

100 9.6 1.65 125 124

EXAMPLE 10

This example illustrates the reaction of aniline, nitroben-
zene and tetramethylammonium hydroxide dihydrate under
anaerobic conditions at 50° C.

A 500 mL four-necked round-bottom flask equipped with
a mechanical stirrer, addition funnel, thermometer, and
nitrogen inlet was charged with 90 mL of aniline. The aniline
was purged with nitrogen and tetramethylammonium
hydroxide dihydrate (54 g, 0.42 mole) was added in ope
portion. The reaction mixture was heated to 50° C. under a
nitrogen blanket with stirring. Once the temperature in the
reaction vessel reached 50° C., nitrobenzene (10 mL, 95
mmole) was added dropwise to the vigorously stirred mix-
ture of aniline and base. The nitrobenzene was added at a
rate such that the addition was complete within 30 minuates.
The temperature of the reaction increased to 65° C. during
the nitrobenzene addition, The reaction was allowed to stir
for an additional 90 minutes after which time it was analyzed
by HPLC. Nitrobenzene conversion=100%. Yields based on
nitrobenzene: p-NDPA (88.5%), 4-NDPA (4.3%), phenazine
(3.6%), azobenzene (3.6%). '

EXAMPLE 11

This example illustrates that tetramethylammonium ion
salt of 4-NDPA and p-NDPA can be produced in the method
of the present invention.

Aniline (3.0 mL) was stirred with tetramethylammonium
hydroxide dihydrate (330 mg, 2.5 mmole) in a controlled
atmosphere dry box under argon. The aniline base mixture
was filtered such that the aniline was delivered directly to 1
mL of nitrobenzene. .Upon addition of the aniline-base
solution, the reaction immediately turned red and a precipi-
tate began to form. The mixture was allowed to stir for §
minutes after which time the reaction was filtered. The red

14
mixture was heated to 170°-175° C. and 800 psig hydrogen
applied. The mixture was reacted for 95 minutes and a

" sample withdrawn. GC analysis indicated 0.4% unreacted
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precipitate was washed with several volumes of dry ether

and allowed to dry. A portion of the solid was apalyzed by
'H-NMR spectroscopy: (DMSO) 83.1(s), 6.1 (d, 1), 6.5 (t,
1), 6.6 (d,1),6.76 (d, 1), 6.8 (£, 1), 7.04 (t, ) 7.5(d, 1). A
drop of acetic acid-d, was added to the NMR tube which
caused an immediate color change from red to yellow and
the sample was re-subjected to 'H-NMR spectroscopy. The
resulting spectrum was identical to authentic 4-NDPA. A
portion of the red solid was dissolved in wet acetonitrile and
subjected to HPLC analysis which indicated that 4-NDPA
was the major component.

EXAMPLE 12

This example illustrates the conversion of 4-ADPA to
N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine, a
useful antiozonant for the protection of rubber products.

52 grams of 4-ADFA, prepared by the reaction of aniline
and nitrobenzene (by the procedure of Example 1D), 100
grams methylisobutylketone (MIBK) and 0.3 grams of 3%
platinum on carbon catalyst were charged into a one liter
Parr autoclave. After purging with hydrogen, the reaction

50

55
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4-ADPA present. The reaction mixture was cooled and
filtered to remove catalyst and stripped to remove water and
excess MIBK. The product, 71 grams, on cooling crystal-
lized to a purplish solid. Assay by GC internal standard
method indicated 95.9% purity.

Similar reactions were conducted with similar results
using methylisoamylketone and acetone.

The following examples utilized an improved HPLC
analysis method. The external standard method was used for
the analysis-of the coupling reaction products by HPLC. A
Waters 600 series HPLC equipped with a Vydac 201HS54
(4.6x250 mm) column and UV detection at 254 nm was used
to monitor all reactions

Elution Gradient
" % Solvent B
Time (min) % Solvent A (Water) (40% Methanol in ACN)
0 75 25
35. 20 80
40 0 100
45 0 100
46 75 25
55 75 25

External standards were prepared by dissolving N-methyl
aniline (5.7 mg), nitrobenzene (13.0 mg), phenazine ( 4.5
mg), 4-nitrosodiphenylamine (68.1 mg), 4-nitrodipheny-
lamine (7.2 mg), azobenzene (4.7 mg) and 25% aqueous
solution of tetramethylammoniumhydroxide (130 uL) in 50
mL of acetonitrile. In the cases where aniline derivatives are
used similar standard solutions were generated.

EXAMPLE 13

This example illustrates the continuous removal of water
from the reaction of aniline, nitrobenzene and tetramethy-
lammonium hydroxide (TMA(H)) by a vacuum distillation
of the aniline/water azeotrope. .

A 22 liter round bottom flask equipped with mechanical
stirrer, Dean—Stark condenser, thermocouple, nitrobenzene
addition line, and teflon baffle was charged with 15.1 1bs. of
a 25% agueous TMA(H) solution (6.70 L, 18.8 Moles
TMA(H)). Water was removed by vacuum distillation (55
torr) to the point where the base concentration was 35%. .
During this step the reaction temperature rose steadily to a
value between 50°-55° C. Aniline (22.2 lbs, 9.88 L, 108
Mole) was charged into the reactor and the vacuum distil-
lation was continued at 55 tor. Water and aniline were
steadily removed as the azeotrope until the molar ratio of
water to TMA(H) was 4:1. During this process the tempera-
ture of the reaction increased to 75° C. Once the appropriate
molar ratio of water to base was ‘achieved, nitrobenzene
(4.83 Ibs., 1.79 L, 17.82 Mole) was added continuously over
a period of three hours, During this addition water and
aniline are continuously being removed from the reaction by
vacuum distillation at 55 torr. A good rate of water/aniline
removal is to have the weight of the condensate removed
equal the weight of nitrobenzene added over the entire
addition time. The reaction endpoint can be determined by
HPLC analysis by monitoring the conversion of nitroben-
zene. Typical yields determined by HPLC analysis at 100%
conversion of nitrobenzene: 4-nitrosodiphenylamine 92.1%,
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4-npitrodiphenylamine 3.4%, azobenzene 3.4%, and phena-

zine 0.9%.

EXAMPLE 14

This example illustrates the use of various solvents in the
reaction of amiline, nitrobenzene and base to generate
4-ADPA intermediates.

To a solution containing 0.5 g (5.3 mmole) of aniline and
0.95 g (6.5 mmole) of tetramethylammonium hydroxide
dihydrate in 8 ml of solvent at 70° C. under nitrogen, 0.65
g (5.3 mmole) of nitrobenzene was added via a syringe.
After the solution was stirred at 70° C. under nitrogen for 12
bours the reaction was analyzed by HPLC with the results
summarized in Table 8.

10
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16
nitrobenzene and base to produce 4-ADPA intermediates.

In a typical reaction a three necked round bottom flask
equipped with Dean—Stark condenser was charged with 59
g (0.091 mole base) of agueous tetrabutylammonium
hydroxide and 55 g (0.59 mole) of aniline. Water was
removed via azeotropic distillation with aniline 35 ml at 20
mmHg at 70° C. Nitrobenzene 11.2 g (0.091 mole) was
introduced via a dropping funnel at 70° C. over 5 minutes.
The reaction was stirred at 20 mmHg/70° C. for 4 hours. The
reaction was analyzed by HPLC with the results summarized
in Table 9. '

In the case where bis-dibutylethyl hexamethylenediamine
ammonium hydroxide was used as base the reaction condi-
tions were slightly different, Thus S0 mL of the aqueous
quaternary ammonium hydroxide sotution (0.0575 mmole
hydroxide) was mixed with 200 mL of aniline. The water
was removed by vacuum distillation at 67° C. until 28 mL
of water had been distilled. Nitrobenzene (23.2 mmole, 2.85
g) was added dropwise to the reaction under a nitrogen
atmosphere at 50° C. The reaction was allowed to stir for 2
hours after which time a sample was withdrawn for analysis.

TABLE 9
Nitrobenzene Yield %
Base Conversion Phenazine 4NODPA 4-NDPA  Azcbenzeme
Tetrabuty! ammonium 715% 0 521 97 34
hydroxide
Tetrapropy! ammonium 100% 025 63.8 183 175
hydroxide
Choline hydroxide 83.6% 085 330 96 432
Benzyltrimethyl ammonium 100% 01 747 124 1.7
bydroxide : .
18-crown-6 + 2KOH 99.4% 033 718 1.5 6.54
Bis-dibutylethyl hexa- 85.3% 0 76 7 11
methylene diammonium
hydroxide
EXAMPLE 16
TABLE 8 L
This example illustrates how the addition of an external
bm' ield 40 desiccant can be used to absorb water in this reaction in
e € replacement of the azeotropic distillation described in
Con- Phen- Azo- Examplc 13.
Solvent version  azine  4-NODPA  4-NDPA  benzene A 500 mL three necked round battom flask equipped with
mechanical stirrer and Dean-Stark condenser was charged
Tol 5 064 764 209 15
Hene e M R A a3 ™ with 5901 grams (0.162 Mole base) of 25% aqueous
Ethylene 100 124 514 27 19.8 tetramethylammonium hydroxide solution. Water (17 mL)
slywlldl- was removed under vacuum distillation at 20 torr. Aniline
x.:;y (88.05 grams) was added and 18 mL of water was removed
Diisopropyl 50 09 45 43 0 50 under vacuum which results in a water to base molar ratio of
ethy! amine : 3:1, The distillation was stopped and an appropriate desic-
cant was added. Nitrobenzene (19.18 grams, 0.155 mole)
was then added over one hour under a nitrogen blanket.
EXAMPLE 15 During the addition the reaction temperature was maintained
55 at 70° C. The reaction was allowed to continue for one hour

This example illustrates how a variety of different phase
transfer catalysts can be employed in the reaction of aniline,

after the addition of nitrobenzene was complete, The results
of these experiments are summarized in Table 10.

TABLE 10

Desiccant

Grams Added  Conversion

Nitrob

Yield %

Phenazine 4-NODPA  4-NDPA  Azobenzene

None
Anhydrous Sodium
Sulfate

1475

523%
61.9%

034
0.50

46.1
586

20
22

10
08
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TABLE 10-continued
Nitrobenzene Yield %
Desiccant Grams Added Conversion Phenazine 4-NODPA 4-NDPA  Azobenzene
4A Molecular 28.1 782% 10 68.0 51 48
Sieves
EXAMPLE 17 19 drate in 2 ml of dimethylsulfoxide was stirred at 70° C

This example illustrates how the amount of phenazine  Under nitrogen. Nitrobenzene (0.6 g, 5 mmole) was added
produced in this reaction can be reduced by increasing the dropwise via a syringe and the solution was stirred at 70° C.
steric bulk of the tettaalky.lammonium jon used as ghase under nitrogen for 12 hours,
transfer catalyst. The experimental procedure used is iden- 15 ——
tical to that described in Example 15. The results are 1) 2Methoxyaniline:
summarized in Table 11.

TABLE 11
Nitrobenzene Yield %
Base Conversion Phenazine 4-NODPA 4NDPA  Azobenzene
Tetramethyl ammonium 100% 224 43 34 121
hydroxide '
‘Tetrapropyl ammonium 100% 025 63.8 183 175
hydroxide
Benzyltrimethyl ammonium 100% 0.1 43 124 1.7
hydroxide .
Tetrabutyl ammonium 71.5% 0 521 9.7 34
hydroxide
Phenyltrimethyl ammonivm 48% 22 15 12 23
hydroxide .
EXAMPLE 18 A solution of (4.9 g, 0.03 mole) of 2-methoxyaniline and

. 35 . .
This le illustrates how various substituted aniline 1.1 g (7.58 mmole) of tetramethylammonium hydroxide

e il . . dihydrate was stirred at 70° C. under nitrogen. Nitrobenzene
derivatives can be employed in this reaction. The reactions s o .
were analyzed by HPLC and the results are summarized in 0.75 g (6.09 mmole) was added dropwise via a syringe and

Teble 12. the solution was stirred at 70° C. under nitrogen for 12
A) 3-Bromoaniline: 4o hours.
A solution of 10 ml (0.09 mole) of 3-bromoaniline and 1.5
g (0.01 mole) of tetramethylammonium hydroxide dihydrate TABLE 12
was stimed at 70 C under nitrogen. Nitrobenzene 0.9 ml Yield %
(8.78 mmole) was added dropwise via a syringe and the .
solution was stirred at 70° C. under nitrogen for 12 hours. ,, Nitrobenzene ~ 4NODPA  4-NDPA
B) 4-Nitroaniline: Aniline Derivative Conversion Derivative Derivative
A solution of (1.38 g, 0.01 mole) of 4-nitroaniline and -
181 g (0.012 mole) of tetramethylammonium hydroxide s Muthor i o 4 P
dihydrate in 3 ml of dimethylsulfoxide was stirred at 70° C. 4-Chloroaniline 98 61 8
under nitrogen. Nitrobenzene 1 m! (0.01 mole) was added p-Toluidine 100 15 9
dropwise via a syringe and the solution was stirred at 70° C. 50 4-Nitroanline % 0 K]
under nitrogen for 12 hours. . 3-Bromoaniline - o 61 ?
C) p-Toluidine: '
A solution of (3 g, 28 mmole) of p-toluidine and 0.9 g (6
mmole) of tetrarethylammonium hydroxide dihydrate was EXAMPLE 19
stirred at 70° C. under nitrogen. Nitrobenzene 0.5 m! (5 55 . . . L.
mmole) was added dropwise via a syringe and the solution '.I'hls egcample illustrates how a variety of cshaxmno nucleo-
was stirred at 70° C. under nitrogen for 12 hours. 4 philes will couple to the para position of nitrobenzene.
D) 4-Chloroaniline: Nitrobenzene (2 mi, 0.02 mole) was added via a syringe

A solution of (4.8 g, 0.03 mole) of -chloroaniline and 0.9 to a stirring solution containing 1.08 g (0.01 mole) of
g (6 mmole) of tetramethylammoniom hydroxide dihydrate 60 1,4-phenylenediamine, 3.6 g (0.02 mole) of tetramethylam-
in 2 ml of dimethylsulfoxide was stirred at 70° C. under monium hydroxide pentahydrate in 2 ml of dimethylsulfox-
nitrogen. Nitrobenzene 0.71 g (5.6 mmole) was added ide under nitrogen at 70° C. The solution was stirred at such
dropwise via a syringe and the solution was stirred at 70° C. condition for 4 hours. An aliquot was taken out for LC, MS,
under nitrogen for 12 hours. LC-MS analyses. N,N'-(4-nitrosophenyl)-1,4-phenylenedi-
E) 4-Methoxyaniline: 65 amine, N-(4-nitrophenyl)-N'-(4-nitrosophenyl)-1,4-phe-

A solution of 3 g (0.03 mole) of 4-mcthoxyamhne and nylenedlamme and N,N'-(4-nitrophenyl)-1 4—phenylened1—
0.95 g (6 mmole) of tetramethylammonium hydroxide dihy- amine were obtained.
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Other diamino nucleophiles such as 4,4'-methylenedi-
aniline and 2,4-diaminotoluene also give similar results
under identical reaction conditions.

EXAMPLE 20

This example illustrates the hydrogenation of 4-NODPA/
tetramethyl ammonium (TMA) salt and 4-NDPA/TMA salt
to 4-ADPA in various solvents, The hydrogenation reactions
were camried out in a 300 cc stainless steel autoclave
equipped with mechanical stirrer and temperature control.

A) 4-NODPA/TMA salt (12.4 grams, 0.0464 mmole) was
charged into the autoclave with 150 mL of toluene. A 1%

‘Pt/Carbon catalyst (300 mg dry weight) was added to the

autoclave. The reactor was purged with nitrogen and then
was placed under 200 psig hydrogen which was maintained
constant throughout the hydrogenation. The reactions were
stirred at 1500 rpm and were allowed to attain a temperature
of 80° C. Upon the termination of hydrogen uptake the
reaction was assumed to be complete. The material was
removed and filtered to remove catalyst. The organic layer
was sampled and assayed by reverse phase HPLC which
revealed 100% conversion of substrate and 97% yield of
4-ADPA,

B) A mixture of 4-NODPA/TMA salt (71 g, 262 mmole)
and 4-NDPA/TMA salt (7 g, 24 mmole) was charged into the
autoclave with 150 grams of aniline. A 1% Pt/carbon catalyst
was added (300 mg dry weight). The reactor was purged
with nitrogen and then was placed under 200 psig hydrogen
which was maintained constant throughout the reaction. The
reactions were stirred at 1500 rpm and were allowed to attain
a temperature of 80° C. Upon the termination of hydrogen
uptake the reaction was assumed to be complete. The
material was removed and filtered to remove catalyst. The
organic layer was sampled and assayed by reverse phase
HPLC which revealed 100% conversion of substrate and
98% yield of 4-ADPA.

C) A mixture of 4$-NODPA/TMA salt (36.5 g, 135 mmole)
and 4-NDPA/TMA salt (3.4 g. 12 mmole) was charged into
the autoclave with 51 grams of 4-ADPA. A 1% Pt/carbon
catalyst (300 mg dry weight) was added. The reactor was
purged with nitrogen and then was placed under 200 psig
hydrogen which was maintained constant throughout the
reaction. The reactions were stirred at 1500 rpm and were
allowed to attain a temperature of 80% C. Upon the termi-
nation of hydrogen uptake the reaction was assumed to be
complete. The material was removed and filtered to remove
catalyst. The organic layer was sampled and assayed by
reverse phase HPLC which revealed 100% conversion of
substrate and with 4-ADPA being the only major product
detected.

EXAMFLE 21

This example illustrates the hydrogenation of 4-NODPA
to 4-ADPA in aniline using a supported nickel catalyst.

Fifty grams of 4-NODPA, 200 grams aniline and 2.0
grams nickel on silica-alumina support was charged into a
one liter autoclave. After purging to exclude oxygen, the
mixture was heated to 80° C. and hydrogen feed initiated at,
200 mL/min. The feed was limited so that the maximum
pressure was 280 psig. After 120 minutes the hydrogen flow
indicated that the reaction was complete. A sample was
withdrawn and analysis indicated 0.1% unreacted 4-NODPA
remained. The product was 4-ADPA.

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described solvents, bases and the like and/or operating
conditions, such as other temperatures and pressures, of this
invention for those used in the preceding examples.
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From the foregoing description, one skilled in the art can
easily ascertain the essential characteristics of this invention,
and without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to
adapt it to various usages and conditions.

What is claimed is:

1. A method of producing one or more 4-ADPA interme-
diates comprising:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system; and

b) reacting the aniline or substituted aniline denvanves
and nitrobenzene in a confined zome at a suitable
temperature, and in the presence of a suitable base and
a controlled amount of protic material to produce one
or more 4-ADPA intermediates wherein a desiccant is
present during step (b) to control the amount of protic
material present during the reaction of aniline or sub-
stituted aniline derivative and nitrobenzene.

2. The method of claim 1 wherein said desiccant is
selected from the group consisting of anhydrous sodium
sulfate, molecular sieves, calcium chloride, tetramethyl
ammonium hydroxide dihydrate, anhydrous potassium
hydroxlde, anhydrous sodmm hydroxide and activated alo-

3 A method of producmg one or more 4-ADPA interme-
diates comprising:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
systern; and

b) reacting the aniline or substituted aniline derivatives
and nitrobenzene in a confined zone at a suitable
temperature, and in the presence of a suitable base and
a controlled amount of protic material to produce one
or more 4-ADPA intermediates wherein the amount of
protic material in step (b) is controlled by the continu-
ous distillation of said protic material.

4, The method of claim 3 wherein said protic material is
water and said water is removed by continuous azeotropic
distillation utilizing the water/aniline azeotrope.

5. A method of producing 4-aminodiphenylamine
(4-ADPA) or substituted derivatives thereof comprising:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system;

b) reacting the aniline or substituted aniline derivatives
and nitrobenzene in a confined zone at a suitable
temperature, and in the presence of a suitable base and
controlled amount of protic material to produce one or
more 4-ADPA intermediates: and

¢) reducing the 4-ADPA intermediates under conditions
which produce 4-ADPA or substituted derivatives
thereof wherein a desiccant is present during step (b) to
control the amount of protic material present during the
reaction of aniline or substituted aniline derivative and
nitrobenzene,

6. The method of claim 5 wherein said desiccant is
selected from the group consisting of anhydrous sodium
sulfate, molecular sieves, calcium chloride, tetramethyl
ammonium hydroxide dihydrate, anhydrous potassium
hydroxide, anhydrous sodium hydroxlde and activated alu-
mina.

7. A method of producing 4-aminodiphenylamine
(4-ADPA) or substituted derivatives thereof comprising:

a) bringing aniline or substituted aniline derivatives and

nitrobenzene into reactive contact in a suitable solvent
system;
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b) reacting the aniline or substituted aniline derivatives
and nitrobenzene in a confined zone at a suitable
temperature, and in the presence of a suitable base and
controlled amount of protic material to produce one or
more 4-ADPA intermediates; and

c) reducing the 4-ADPA intermediates under conditions
which produce 4-ADPA or substituted derivatives
thereof wherein the amount of protic material in step
(b) is controlled by the continuous distillation of said
protic material.

8. The method of claim 7 wherein said protic material is
water and said water is removed by continuous azeotropic
distillation utilizing the water/aniline azeotrope.

9. A method of producing alkylated p-phenylenediamines
or substituted derivatives thereof comprising:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system;

b) reacting the aniline or subsumted aniline derivatives
and nitrobenzene in a confined zone at a suitable
temperature, and in the presence of a suitable base and
controlled amount of protic material to produce one or
more 4-ADPA intermediates;

c) reducing the 4-ADPA intermediates to produce
4-ADPA or substituted derivatives thereof;, and

d) reductively alkylating the 4-ADPA or substituted
derivatives thereof of step (c) wherein a desiccant is
present during step (b) to control the amount of protic
material present during the reaction of aniline or sub-
stituted aniline derivative and nitrobenzene.

10. The method of claim 9 wherein said desiccant is
selected from the group consisting of anhydrous sodium
sulfate, molecular sicves, calcium chloride, tetramethyl
ammonium hydroxide dihydrate, anhydrous potassium
hydroxxdc anhydrous sodium hydroxlde and activated alu-
mina.

1. A method of producing alkylated p-phenylenedi-
amines or substituted derivatives thereof comprising:

g) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system;

b) reacting the aniline or substituted aniline derivatives
and nitrobenzene in a confined zone at a suitable
temperature, and in the presence of a suitable base and
controlled amount of protic material to produce one or
more 4-ADPA intermediates;

¢) reducing the 4-ADPA intermediates to produce
4-ADPA or substituted derivatives thereof; and

d) reductively alkylating the 4-ADPA or substituted
derivatives thereof of step (¢) wherein the amount of
protic material in step (b) is controlled by the continu-
ous distillation of said protic material.

12. The method of claim 11 wherein said protic material
is water and said water is removed by continuous azeotropic
distillation utilizing the water/aniline azeotrope.

13. The method of claim 1 wherein said suitable base is
selected from the group consisting of tetrasubstituted ammo-
nium hydroxides, alky! substituted diammonium hydroxides
and mixtures thereof, wherein each substituent of said
tetrasubstituted ammonium hydroxide is independently
selected from alkyl, aryl or arylalkyl groups.

14. The method of claim 13 wherein said suitable base is
a tetrasubstituted ammonium hydroxide.

15. The method of claim 14 wherein said tetrasubstituted
ammonium hydroxide is a tetraalkyl ammonium hydroxide.
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16. The method of claim 15 wherein said tetraalkyl
ammonium hydroxide is tetramethyl ammonium hydroxide.

17. The method of claim 13 wherein said suitable solvent
is aniline.

18. The method of claim 3 wherein said suitable base is
selected from the group consisting of tetrasubstituted ammo-
nium hydroxides, alkyl substituted diammonium hydroxides
and mixtures thereof, wherein each substituent of said
tetrasubstituted ammonium hydroxide is independently
selected from alkyl, aryl or arylalkyl groups.

19. The method of claim 18 wherein said suitable base is
a tetrasubstituted ammonium hydroxide.

20. The method of clgim 19 wherein said tetrasubstituted
ammonium hydroxide is a tetraalkyl ammonium hydroxide. .

21. The method of claim 20 wherein said tetraalkyl
ammonium hydroxide is tetramethyl ammonium bydroxide.

22. The method of claim 18 wherein said suitable solvent
is aniline.

23. A method of producing one or more 4-ADPA inter-
mediates comprising:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system,

b) reacting the aniline or substituted aniline derivatives
and nitrobenzene in a confined zone at a suitable
temperature, and in the presence of a suitable base and
protic material to produce one or more 4-ADPA inter-
mediates, and

c) controlling the amount of said protic material in step (a)
or (b) to provide a selectivity of at least 0.97, wherein
the selectivity is the molar ratio of 4-ADPA interme-
diates to undesired products.

24. The method of claim 23 wherein said suitable base is

selected from the group consisting of tetrasubstituted ammo-

nium hydroxides, alkyl substituted diammonium hydroxides
and mixtures thereof, wherein each substituent of said -
tetrasubstituted ammonium hydroxide is independently
selected from aikyl, aryl or arylalkyl groups.

25. The method of claim 24 wherein said suitable base is
a tetra-substituted ammonivm hydroxide.

26. The method of claim 25 wherein said tetrasubstituted
ammonium hydroxide is a tetraalkyl ammonium hydroxide.

27. The method of claim 26 wherein said tetraalkyl
ammonium hydroxide is tetramethyl ammonium hydroxide.

28. The method of claim 24 wherein said suitable solvent
is aniline.

29. A method of producing one or more 4-ADPA inter-
mediates comprising:

a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent
system; and

b) reacting the anilinc or substituted aniline derivatives
and nitrobenzene in a confined zonme at a suitable
temperature, and in the presence of a suitable base and
a controlled amount of protic material to produce one
or more 4-ADPA intermediates;

wherein said suitable solvent is aniline, said protic material

is water and the amount of protic material present at the

beginning of the reaction is up to about 13.8 volume % water
based on the total volume of the reaction mixture,

30. The method of claim 29 wherein aniline is reacted
with nitrobenzene and said base is a tetraatkyl ammonium
hydroxide.

31. The method of claim 30 wherein said tetraalkyl
ammonium hydroxide is tetrabutyl ammonium hydroxide.

* ¥ X x %
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Sir:
Please amend the above-identified application as follows and consider the
following remarks. '

In_the Specification

Please amend the specification as follows: 1
Table 6, page 22, line 20, please delete 150" and insert therefor — L5 ~-.
Table 6, page 22, line 21, please delete 99" and insert therefor — 0.99 -~.
Table 6, page 22, line 22, please delete 62" and insert therefor — 0.62 -,
Table 7, page 23, line 6, delete *4.7" and insert therefor —43 _r.'
Table 7, page 23, line 7, delete "4.7" and insert therefor - 5.9 =
Table 7, page 23, line 8, delete 4.7 and insert therefor — 9.6 —=
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2- CASE NO. 07-21(12502)A

In the Clalms

Please amend the claims as follows:

i /1'( {(Amended) A mg¢

| comprising:
- 2)
N
2
e
E
s b)

material to produce one or more 4-ADPA intermediates [The
method of Claim 1) wherein a desiccant is present during step
(b) to control the amount of protic material present during the
reaction of aniline or substituted aniline derivative and

i -
o
-3
59

nitrobenzene.

ESC ;n,.: Dd i 2 COIl ]
material to produce one or more 4-ADPA intermediates [The
method of Claim 1] wherein the amount of protic material in step
(b) is controlled by the continuous distillation of said protic

material.
® 4% (Amended) A method of producing Z-aminediphenylaniine (-ADPA) o
a R~
b)
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3- CASE NO. 07-21(12502)A

progduce 4-ADPA or substituted derivatives thereof [The method
of Claim 24] wherein a desiccant is present during step (b) to
control the amount of protic material present during the reaction

of aniline or substituted aniline derivative and nitrobenzene.
4-aminodiphenylamine (4-ADFPAIJ]

of Claim 24] wherein the amount of protic material in step (b) is
controlled by the continuous distillation of said protic material.

q/ﬁ.(Amenmd)
beituted derivatives thereof comprisine:

thereof of step (c) [The method of Claim 49] wherein a desiccant
is present during step (b) to control the amount of protic material
present during the reaction of aniline or substituted aniline
derivative and nitrobenzene.

111079

FA030982



<+ CASE NO-07-21(12502J)A

N g (Amended) A method of producing slkylated p-phenylencdiamines or

a)
b}
£)
thereof of step () [The method of Claim 49] wherein the
amount of protic material in step (b) is controlled by the
3 continuous distillation of said protic material,
"f Please add the following new claims:

Q) )‘ The method of Ganﬂ')f'whercm said suitable base is selected from the
group consisting of tetrasubstituted ammonivm hydroxides, alkyl substituted
diammonium hydroxides and mixtures thereof, wherein each substituent of said
tetrasubstituted ammonium hydroxide is independently selected from alkyl, aryl or
arylalkyl groups. )

(% #5. The method of Cjaim ;4’ wherein said suitable bese is a tetrasubstituted
ammonium hydroxide.

‘6}6 The method of Claifn /86 wl‘jerein said tetrasubstituted ammonium
hydroxide is a tetraalkyl ammonium hygroxide.

u&f The method of Claifit §6 \fh?erem said tetraalkyl ammonium hydroxide is
tetramethyl ammonium hydroxide.

Vo€, The method of Claim 94 wherein said suitable solvent is aniline.

189, The method of Clattn 20 Wherein said suitable base is selected from the
group consisting of tetrasubstituted ammonium hydroxides, alkyl substituted
diammonium hydroxides and mixtures thereof, wherein each substituent of said
tetrasubstituted ammonium hydroxide is independently selected from alkyl, aryl or
arylalkyl groups. i®

' . The method of Claa{)Q wherein said suitable base is a tetrasubstituted
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5. CASE NO. 07-21(12502)A

c'" v ammonpium hydroxide. q
, . The method of aawsﬁ wherein said tetrasubstituted ammonfum
- hydroxide js a tetraalkyl ammoniumy hydroxide.
3 The method of Claith ¥1 wherein said tetraalkyl ammonium hydroxide is
tetra:&e’thyl ammonium hydroxide. 4
Vv The method of Chiﬁ;ﬂg wherein said suitable solvent is aniline.
/04‘ A method of producing one or more 4-ADPA intermediates comprising:
a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent system,
b) reacting the aniline or substituted aniline derivatives and
nitrobenzene in a confined zone at a suitable temperature, and in
the presence of a suitable base and protic material to produce
one or more 4-ADPA intermediates, and
¢) controlling the amount of said protic material in step (a) or (b) to
provide a selectivity of at least 0.97, wherein the selectivity is the molar
ratio of 4-ADPA intermediates to undesired products.

. The method of Gaitn’}@mrein said suitable base is selected from the
group consisting of tetrasubstituted ammonium hydroxides, alkyl substituted
diammonium hydroxides and mixtures thereof, wherein each substituent of said
tetrasubstituted ammonium hydroxide is independently selected from alkyl, aryl or
arylalky oups. o
. The method of Ciaim ,OS Qherein sald suitable base is a tetrasubstituted
ammo hydroxide.

. The method of Clain 96 ﬁrcin said tetrasubstituted ammoninm
hydron a tetraalkyl ammonium hydroxide.
" The method of a@fﬁfmzn said tetraalkyl ammonium hydroxide is
ammonjum hydroxide,

Tj The method of Claim %herem said suitable solvent is aniline.
1-400. A method of producing one or more 4-ADPA intermediates comprising:
a) bringing aniline or substituted aniline derivatives and
nitrobenzene into reactive contact in a suitable solvent system;
and
b) reacting the aniline or substituted aniline derivatives and

nitrobenzene in a confined zone at a suitable temperature, and in
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F - CASE NO. 07-21(12502)A

f ¢e & the presence of a suitable base and a controlled amouat of protic

_ _‘ material to produce onc or more 4-ADPA intermediates;

3 ‘ wherein said suitable solvent is aniline, said protic material is water and

1 the amount of protic material present at the beginning of the reaction is up

to about 13.8 volume % water based on the total volume of the reaction

?1. The method of Claifi] :lvﬁirein aniline is reacted with nitrobenzene

~ and said base is a tetraalkyl ammonium hydroxide.

3 The method of Clpé Wl?ercin said tetraalkyl ammonium hydroxide is

i.‘-‘ tetrabutyl ammonium hydroxide.

REMARKS

Claims 18, 20, 43, 45, 67 and 69 have been amended to remove the dependency
on Claims 1, 24 and 49 by incorporating the limitations of canceled Claims 1, 24 and
49. Claims 84-102 have been added to more parﬁdﬂmly claim applicant’s invention.
Support for ‘selectivity of 0.97 in new Claim 94 can be found in the specification at
Example 15, page 28, choline hydroxide example. Support for the definition of
selectivity and the term undesired products’ can be found in the specification at
page 9, lines 1-2 and 18-25, page 10, lines 9-14, page 19, Table 2, third column and
page 20, lines 33-36 which indicate that selectivity is based on the ratio of desired
products, i.e. 4-ADPA intermediates, to undesired products, e.g.
2-nitrodiphenylamine, azobenzenc and phenazine. Support for new Claims 84-87, §9-
92 and 95-98 can be found in the specification at page 7, line 28 - page 8, line 2 and
page 8, lines 7-10. Support for new Claims 88, 93 and 99 can be found in the
specification at page 7, lines 5-8 and 12-15. Support for new Claims 100-102 can be
found in the specification in Example 15. The calculation of the vol. msp\m
at the beginning of the reaction in Example 15 is provided in attached prudx C.: /
No new matter has been added by the amendment of the specification and claims
the addition of new claims.

Claims 18-21, 4346, 67-70 and 84-102 are currently in the application for
examination. .
The amendments to page 22; Table 6 of the specification are to correct obvious

.
—
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- CASE NO. 07-21(12502)A

typographical errors. Since the limiting reagent in the reaction is nitrobenzene (1.9
mmole), it is clear that the yield of 4-ADPA intermediates must be less than 1.9
mmole. As such, applicants respectfully submit that it is clear that a decimal point
was omitted in the mmole yields of Table 6 that have been amended, The
amendment to Table 7, page 23, line 6 of the specification is to correct a
typographical error in the % water. The amendment to Table 7, page 23, lines 7 and
8 of the specification is to correct errors made in the calculation of the amount of
water. Since the first column of Table 7 is constant and the text at page 22, lines 30-
31 states that the amount of protic material added to the reaction is kept constant,
and since the tetramethylammonium hydroxide is used as a dihydrate in varying
amounts, i.c. the amount of water added via the base varies, it is clear that the values
in the second column of Table 7 are not constant but rather increase as the amount of
5. Calculations of the % water in Table 7 are provided in attached

references cited in the Information Disclosure Statements.

Stuehr et al disclose the reaction of aniline with superoxide in the presence of
dimethy! sulfoxide as solvent and crown ether under "dry” conditions. Stuehr et al also
disclose that oxygen is required for the reaction.

Stehr ct al does not disclose or suggest the process of the invention as
claimed. Therefore, applicants respectfully submit that Claims 18-21, 43-46, 67-70 and
84-102 are clearly patentable over Stuchr et al,

Frimer et al disclose the reaction of aniline with nitrobenzene in benzene as
solvent using potassium t-butoxide/crown ether as base under “dry" conditions.

Woh! (Chemische Berichte, 34, p. 2442 (1901)) discloses the reaction of aniline
with nitrobenzene in aniline as solvent using NaOH as base under "anhydrous’
conditions, and Wohl (Chemische Berichte, 36, p. 4135 (1903)) identifies the minor
product of this reaction of aniline with nitrobenzene as p-nitrosediphenylamine
(p-NDPA). Therefore, applicants respectfully submit that Wohl (1901) and Frimer
ct al are cquivalent references with respect to the invention as claimed and that both
Woh! and Frimer teach processes that result in poor yields of 4-ADPA intermediates.
The major difference between Wohl (1901) and Frimer et al is that Frimer &t
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-5 CASE NO. 07-21(12502)A

al conducted the reaction of aniline and nitrobenzene in the presence of a suitable
base and a crown ether phase transfer catalyst. However, applicants respectfully
submit that neither Woh! reference nor Frimer et al teach conducting the reaction of
aniline and nitrobenzene in the presence of a controlled amount of protic material. In
addition, ncither Woh! reference nor Frimer et al teach conducting the reaction of a
substituted aniline derivative and nitrobenzene in the presence of a controlled amount
of protic material, It was applicants who discovered the criticality of controlling the
amount of protic material present in the reaction of aniline or substituted aniline
derivatives with nitrobenzene. Specifically, neither reference teach controlling the
amount of protic material during the reaction by either use of a desiceant or
continuous distillation.

Therefore, applicants respectfully submit that the process of Claims 18, 20, 43,
45, 67 and 69 patentably distinguish over Frimer et al and Wohl,

Applicants respectfully submit that Claim 94 further distinguishes over Frimer et
al and Wohl. Claim 94 requires that the amount of protic material be controlled such
that the selectivity is at least 0.97 wherein selectivity is the molar ratio of 4-ADPA
intermediates to undesired products. The basis for the selectivity of 0.97 can be found
in Example 15 as set forth above. The maxlmum selectivity taught by the Wohl and
Frimer et al references i is the-selectivity in ancr\ ct al of 0.383. Calculations of
selectivity are shown in n& ched Appendu\ ither Frimer et al nor Wohl disclose
or suggest a process which E*capablo—eh’éﬁwvmg the selectivity to 4-ADPA
intermediates attainable with the claimed process. Therefore, controlling the amount of
protic material present during the reaction to achieve a selectivity of at least 0.97 results
in at least a 150 percent increase in selectivity to 4-ADPA intermediates. As such,
applicants respectfully submit that Claim 94 is clearly patentable over Frimer et al and
Wohl

Applicants also respectfully submit that dependent Claims 84, 89 and 95
further distinguish over Frimer et al and Wohl, Dependent Claims 84, 89 and 95
require the base to be selected from tetrasubstituted ammonium hydroxides, alkyl
substituted diammonium bydroxides, or mixtures thereof. Neither Frimer et al nor
Wohl disclose or suggest using a tetrasubstituted ammonium hydroxide or alkyl
substituted diammonfum hydroxide as base. As such, use of tetrasubstituted
ammonium hydroxides or alkyl substituted diammonium hydroxide as base patentably

distinguish over Frimer et al and Wohl.
111-084

FA030987



= 9. . CASE NO. 07-21(12502)A
- Applicants respectfully submit that Claims 100-102 further distinguish over
: Frimer et al and Wohl. Claim 100 requires that the reaction be conducted in aniline

as the suitable solvent and that the vol. % water present at the beginning of the
reaction is up fo 13.8 volume percent. Frimer et al and Woh! teach starting with
*dry" conditions, i.e. no protic material. Neither Frimer et al nor Wohl disclose or
suggest conducting the reaction with a controlled amount of protic material of vp to
B 13.8 volume percent. Therefore, applicants respectfully submit that Claims 100-102
L. are clearly patentable over Frimer et al and Wohl

In view of the abave remarks, applicants respectfully submit that Claims 18-21,
43-46, 67-70 and 84-102 are clearly patentable over Frimer et al and Wohl.

| Examination and allowsnce of Claims 18-21, 4346, 67-70 and 84-102 is

-  respectfully requested.

X Respectfully submitted,

® ol

5 -:- Date .

Telephone No. (314) 694-3701

: Monsanto Company
Mail Zone A3SA
800 N. Lindbergh Blvd.

St. Louis, Missouri 63167
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Casc No. 07-21(12502)A
APPENDIX A
Calculation of Selectivity
1L Basis for 0.97 Selectivity in claim 96
Example 15 - choline hydroxide example
b 4-ADPA intermediates = 4-NODPA + 4-NDFA
. 2 undesired products = phenazine + azobenzene

Note: The small difference between sum of yiclds and nitrobenzeae conversion is
believed to be analytical,

Selectivity = (4-NODPA + 4-NDPA) / ¢ + azobenzene)
=(33,0+9.6)/(0.85 + 41.2)
3 =0.97
IL Calculation for Frimer cf_al.: (based on the 4th example in Table I)

(1) Aniline charged is 2.5 mmole and conversion is 85%; nitrobenzenc is the limiting reagent at
75 mole % of aniline.

(2) A major amount of the nitrobenzene reacted cannot be accounted for as identificd products
(4-nitrodiphenylamine and szobenzene). This indicates that undesirable other than
;tu;gcnwwwmgamwdinmamoumequalwtﬁuobcnmcom minus known

ucts.

(3) Azobenzene is assumed to be generated from one mole each of aniline and nitrobenzene.

(4) Example 3 of Table IT indicates that some nitrobenzenc is gencrated from oxidation of
aniline at 0.04 mmole NB /mmole aniline reacted.

5) Footnote ¢ of Tables I and I indicates that up to 35% of nitrobenzenc remaining may be
lost during work-up.

(6) Calculation of known products:

() aniline converted = 0.85 (2.5) = 2.125 mmole

{b) 4-NDPA produced = (.2 (2.125) = 0.425 mmole

(c) azobenzeae produced = 0.064 (2.125) = 0,136 mmole
(7) Calculation of nitrobenzenc converted:
(r) nitrobenzene in = 0.75 (2.5) = 1.875 mmole
(b) nitrobenzene made = 0.04 (2.125) = 0,085 mmolc
{c) nitrobenzene available to react = 7(a) + 7(b) =196 mmole
(d) nitrobenzene in product = 0.13 (2.125)/0.65 = 0.425 mmole
i () nitrobenzene converted = 7(c) - 7(d) = 1.535 mmole
= (f) unknowns undesirable products gencrated = 72(e) - 6(b) - 6(c) =0.974 mmole
(8) Selectivity = 6(b) / (6(c) + 7(5))

= 0.425 /(0.136 + 0.974) = 0.383

111086
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Case No. 07-21(12502)A

APPENDIX B
Calculation of Vol. % Water in Table 7
L Run online ! of Table 7:

Base 033 mL  (The volume of base is calculated based on an approximate
- density of the base in the reaction mixture of 1 g/ml. .-, 0.0025
' : mol base = .33 g base = 0.33 ml base)
Total volume of reaction mixture = 4.43 mL,
Amount of water in base = (0.0025 mol basc)(2 mol water/mal basc)(18g/mol) =0.09 g
Volume of water in base = (0,09 g)(1 g/mL) = 0.09 mL
‘Total water present in reaction mixture = 0.1 + 0.09 = 0.19 mL
Vol. % Water = (0.19 mL/4.43 mL) x 100 = 4.3 vol %
IL Run on fine 2 of Table 7:
Aniline 2mL
Nitrobenzene 2 ml
Water added 0.1 mL
Base 0.66 mL 0,005 mol base / 0.0025 mol base = 2; 2 x 0.33 = 0.66
Total volune of reaction mixture = 4.76 mL '
Amount of water in base = (0.005 mol base)(2 mol water/mol basc)(18g/mol) = 0.18 g
" Volume of water in base = (0.18 g)(1 g/mL) =0.18 mL
Total water present in reaction mixture = 0.1 +0.18 = 0.28 mL
Vol. % Water = (0.28 mL/4.76 mL) x 100 = 5.9 vol %
1. Run on line 3 of Table 7;
Anilinc 2ml
Nitrobenzene 2 mlL
Water added 0.1 mL
Basc 1.65mL, 0.0125 mol base /0.0025 mol base = §; 5 x 0.33 = 1.65
Total volume of reaction mixture = 5.75 ml,
Amount of water in base = (0.0125 mol base)(2 mol water/mol base}(18g/mol) =045 g
Volume of water in base = (0.45 gX1 ghol.) = 0.45 mL
Total water present in reaction mixture = 0.1 + 0.45 = 0.55 mL

Vol. % Water = (0.55 mL/5.75 mL) x 100 =9.6 vol %

111-087
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Case No. 07-21(12500)A

APPENDIX C .
Calculation of Vol, % Water in Example 1S

Assumption: Deasity of t-butylammonium hydroxide (TBA(H)) in reaction mixture is
approximately 1 mddensity'ofwnctionuﬂxnncis approximately 1.
F.W. TBA(H) = 259 g/molc
Charged 59 g of aqueous TBA(H):

0.091 mole TBA(H).x 259 g/mole = 23.6 g TBA(H)
Water present in base charged = 59 - 23.6 = 35.4 g water
Charged S5 g anilinc
Total material in = 55 g aniline + 59 g base = 114 g total
Removed 35 ml. : assume azeotrope is 70% water / 30 % aniline
Water removed = 35 mL x 1g/ml x 0.7 = 24.5 g water
Water remaining = 35.4 - 24.5 = 10.9 g water
% water at start of reaction = 10.9 g water/ (114 g total - 35 g removed) = 109/79 = 13.8 %
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Entscheldungsgriinde (Aniage) ' Girounds for the decision (Annex) Motifs de la décision (Annexa)

o 16.0600 Sheot 1 e nne: 92914 179.4
Oate Fouitle Demande n*:

I. Facts and submissions.

European Patent N° 0 590 053 incorporating 81 claims was granted to FLEXSYS
AMERICA L.P. Akron, Ohio 44333(US) on 24.09.1997 (Bulletin 1997/39) on the
basis of European Patent Application 92914179.4, filed on 27.03.1992.

An opposition was filed on 23.06.1998 with letter dated 19.06.1998 by Dr. Milan
Petro, Pankuchova 5, SK-85104 Bratislava requesting the revocation of the Patent
in its entirety, on the grounds that the subject-matter of the patent is not
patentable within the terms of Articles 52 to §7 EPC (see Article 100(a) EPC). The
Opponent also made a subsidiary request for oral proceedings.

In support of the Opposition the foliowing documents were cited:

(E1) Ber. 1903, 36, 4135-8;
(E2) Ukrain. Chim. Zur. 1955, 21, 350-60 (and Chem. Abstr. 1955, 14773hi);
(E3) Zur. Obscej Chim. 1953, 23, 1743-9 (and Chem. Abstr. 1953, 6953a);
(E4) Zur. Obscej Chim. 1955, 25, 2161-70 (and Chem. Abstr. 1956, 866d1bt);
(E5) Uspechi Chimii, 1955, 24, 313-45;

(E6) Zur. Obscej Chim. 1952, 22, 502-509 (and Chem. Abstr.1953, 2182d,e,{);
(E7) J. Org. Chem. 1983, 48, 1700-5;

(E8) Tetrahedron Letters 1990, 31, 3217-20 and

{E9) Angew. Chemie 1986, 98, 958-68

English translations of the documents E2 to E6 were filed on 18.02.1999.

The Patentee responded (letter dated 23.04.1999, filed 26.04.1998) to the
opposition arguing that the subject-matter of the claims is novel and involves an
inventive step over the cited prior art. The Patentee requested the rejection of the
opposition and the maintenance of the patent as granted. As auxiliary request he
also requested oral proceedings.

With letter dated 28.06.1999 the Opponent filed further observations and insisted
on his arguments essentially having regard to documents E1 and E7. He also

EPO Form 2216 D1.91CSX
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VI

VIi.

Vit

pointed to the lack of clarity of the claims and the description.

By letter dated 30.09.1999 the Patentee contested the arguments of the
Opponent and maintained his requests.

In an Official Communication dated 05.11.1999 the Opposition Division invited the
parties to Oral Proceedings to be held on 23.05.2000.

By letter dated 19.04.1999 the Opponent further commented on the claims of the
patent especially on the expression “a controlled amount of protic material* as
given in claim 1 of the patent. \

With letter dated 20.05.2000 the Patentee filed the results of two series of
additional experiments wherein the examples in accordance with E1 and E7 were
duplicated and the reaction conditions were changed in several respects using a
controlled amount of protic material.

Oral proceedings were held on 23.05.2000.
The discussion during the oral proceedings focussed mainly on documents E7
and E1 and on the interpretation of claim 1 of the patent, especially on the

expression “a controlled amount of protic material®.

The Patentee also filed an auxiliary request embracing claims 24 to 72 of the
patent as granted.

At the end of the oral proceedings the Chairwoman announced the decision that
the European patent is revoked. '

The claims serving as a basis for the present decision are:

- main request: claims 1 to 81 of the patent as granted;
- auxiliary request: claims 24 to 72 of the patent as granted.

LR BB N ]
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2.1.

2.2.

2.3.

{l. Reasons for the decision.

The opposition meets the requirements of Articles 99 and 100 EPC as well as
those of Rule 55 EPC.

MAIN REQUEST.

Novelty (Article 54 EPC).

Ciaim 1 of the opposed patent relates to a methad of producing one or more 4-
aminodiphenylamine intermediates (4-ADPA, which are defined on page 3, lines
37 - 38 as 4-nitrodiphenylamine, 4-nitrosodiphenylamine, the substituted
derivatives and the salts thereof) by reacting (substituted) aniline and
nitrobenzene in the presence of a suitable base at a suitable temperature wherein
the reaction is carried out in the presence of a controlled amount of protic

material.

The novelty of the patent is disputed by the Opponent having regard to
documents E7 and E1.

Document E7 discloses a process for the preparation of 4-nitrodiphenylamine (4-
NDPA) by reaction of nitrobenzene and aniline at ambient temperature in dry
benzene in the presence of potassium t-butoxide (see Table ll; see also footnote
of Table | and page 1705, General Oxidation Procedure).

Document E1 discloses the reaction of aniline with nitrobenzene in the presence
of dry sodium hydroxide at a temperature of 110-120 °C (see example bridging
pages 4136 and 4137).

It is not disputed that both documents disclose processes including all the features
of claim 1 of the patent with the exception of the feature that the reaction is carried
out "in the presence of a controlled amount of protic material” which is not
explicitly mentioned in said documents.

EPO Form 2018 01.81CSX
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2.4.

Thus with respect to novelty it only has to be decided how the expression “in the
presence of a controlled amount of protic material” is to be interpreted. It should

also be considered that when deciding on novelty of the subject-matter of a claim
the broadest technically meaningful interpretation of a claim should be taken into

account.
Interpretation of "controlled amount of protic material".

According to the Patentee such term must be interpreted as the fact that some
measure has to be taken by the skilled person in order to ensure that a suitable
amount of protic material is present. Thus the generation of water in the claimed
process cannot be regarded as a way of controlling its amount. Furthermore the
description on page 4, line 45 to page 5, line 32 describes that the controlled
amount of protic material is an amount which lies between a minimum and a
maximum, the appropriate amount of protic material depending on factors such as
the type of solvent, the type and amount of base, base cation, etc. The controlled
amount is an amount which allows the advantages of the claimed invention to be
obtained, in particular to maintain the selectivity of the desired products. The
description and examples cleardy show different ways of controlling the amount of
protic material such as the use as base of tetramethylammonium hydroxide
dihydrate (see example 1) or the continuous azeotropic distillation of water
utilizing the water/aniline azeotrope (see example 12).

On the contrary the Opponent interprets said expression as including any amount
of protic material, as any reaction uses controlied amounts of reagents and merely
by selecting of the reagents, solvents and reaction temperature a control of the
amount of protic material takes place even if it is not explicitly mentioned. Thus,
for the Opponent, control of the amount of protic material in the reaction is always
done.

According to the Guidelines for examination in the EPO a.claim should be read
giving the words the meaning and scope which they normally have in the relevant
art; furthermore the claim should be read with an attempt to make technical sense
out of it (see Guidelines C-lll 4.2.). Thus, although the word “controlled” could be
literally interpreted as meaning "checked" or “verified", it is clear from the

EPQ Fom 291§ 31.91CSX
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2.5.

2.6.

description that the amount of protic material is not merely "checked" but

*regulated” or “modified” during the process. The expression "a controlled amount

of protic material® is then interpreted as mcludmg all the cases wherein the 7
amount of protic material is "modified” dunng the process. As in the process of e

claim 1 water is produced, the presence of this water is not consucie[_e_q_as a 3

controlled amount of protic material®; but if the amount of water p}oduced n the (
reaction is modified, either by addition or by elimination, then it Woald résult in a '

process wherein the amount of protic material is controlled.

In the process of E7 the water formed will react with the potassium t-butoxide to
form potassium hydroxide and tert-butanol moditying the amount of protic material
and in the process of E1 a reaction temperature of 110 -120 °C is used which
would result in the elimination of water (distillation) from the reaction system. It is
thus considered by the Opposition Division that the processes disclosed in
documents E7 and E1 fall within the scope of claim 1 of the present application
and therefore the subject-matter of claim 1 is not novel.

The above interpretation of the scope of claim 1 is further confirmed by example 5§
of the patent in suit. In this example sodium hydroxide and potassium t-butoxide
(see Table 4, entries 3 and 5) are used as bases under reaction condition W ol !l}
to those described in E1 and E7. It was therefore the intention of the Patente& to ./
embrace the reaction conditions of these documents.

i

It has been argued by the Patentee a) that example 5 actually does not relate to
an embodiment of the process in accordance with the invention and that it should
be considered as a comparative example and b} that when a controlled amount of
protic material was used in the claimed process better resuits are obtained.

This argumentation cannot be followed by the Opposition Division.

Concerning a): it is clear from example 5 that it should represent an embodiment
of the invention as claimed (cf. line 1 wherein is stated that "this example
illustrates various bases which can be utilized in the method of the present
invention..."). The Patentee cannot choose a broad expression to define the scope
of its claims and then argue that he actually does not intend to cover such

processes.

EPO Form 2616 01§1CSX
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2.7.

Conceming b): It is not disputed that the claimed process, under specific reaction
conditions, results in improved yield and selectivity of the desired products (see
examples in the patent). However claim 1 is not limited to such specific reaction
conditions and embraces the processes described in E1 and E7 as discussed
above. The Patentee has had the opportunity to amend the claims to cover only
the processes which yield the desired products with improved selectivity.

For these reasons the subject-matter of claim 1 of the main request is not novel.
AUXILIARY REQUEST.

Novelty (Article 54 EPC).

A method of producing 4-ADPA or substituted derivatives thereof by first preparing
4-ADPA intermediates (4-nitro and/or 4-nitrosodiphenylamines) and then reducing
said intermediates to produce 4-ADPA as described in claim 24 is not disclosed in
any of the documents E1 to E9 cited by the Opponent. As discussed above
documents E1 to E7 relate to methods of preparation of nitro- and nitrosodi-
phenylamines but none of these documents disclose the further reduction of said
nitro/nitroso derivatives.

Since during the Oral Proceedings the Opponent acknowledged the novelty of the
auxiliary request, it is not necessary to comment further on this matter.

The subject-matter of the claims according tb the auxiliary request is novel (Article
54 EPC).

The closest state of the art.

As set out in the introductory description of the present patent specification it is
known to prepars 4-ADPA by way of nucleophilic aromatic substitution, wherein
an aniline derivative replaces halide. This method involves preparation of a 4-
ADPA intermediate followed by reduction of the nitro moiety. Commercial
processes use mainly p-chloronitrobenzene as starting material (see page 2, lines
15 - 39). Such known processes are said to be disadvantageous due to the use of

EPQ Form 2916 01.91CSX
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5.1.

5.2.

5.3.

6.1.

6.2.

aniline derivatives such as formanilide which requires additional manufacturing
equipment and the use of p-chloronitrobenzene which results in the formation of
halide that is both corrosive and appears in the waste stream.

The process according to claim 1 of the patent in suit ditfers from said known
process in the use of aniline and nitrobenzene as starting materials for the
formation of the 4-ADPA intermediates.

Problem and solution.

When starting from said state of the art and taking into account the above
mentioned differences, the problem solved according to claim 24 of the present
patent can be seen as to find an alternative process for the preparation of 4-ADPA
wherein the use of aniline derivatives as starting materials and the halide
formation in the waste stream is avoided.

This problem is solved by the process according to claim 24 by carrying out the
process using aniline and nitrobenzene as starting materials to form 4-ADPA
intermediates which are then reduced.

The Opposition Division is satisfied that this problem has been credibly solved by
the process of claim 1. The examples in the patent show that 4-ADPA
intermediates are obtained (see, for instance, example 1) and then reduced to the
desired 4-ADPA (see examples 19 and 20; see also page 5, lines 45 - 57).

Inventive step (Article 56 EPC).

The question to be discussed for the assessment of inventive step is whether it
was obvious for the skilled person in the light of the available prior art to prepare
the 4-ADPA intermediates by the reaction of aniline and nitrobenzene.

As discussed above documents E1 and E7 already disclose processes for the
preparation of 4-ADPA intermediates by reaction of aniline and nitrobenzene (see
E1, page 4136 and E7 Table Il). The skilled person wishing to avoid the use of
chloronitrobenzene and aniline derivatives in the prior art processes discussed in

EPQO Foim 2816 01.81CSX
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6.3.

section 4 above, would then find in documents E1 and/or E7 an alternative
process for the preparation of 4-ADPA intermediates. The 4-ADPA intermediates
would then be reduced by the known methods to arrive at the claimed invention.
Therefore the subject-matter of claim 24 does not involve an inventive step.

The Patentee argued that since E1 and E7 result in very low yields of the
intermediate 4-NDPA, the person skilled in the art wishing to improve a known
commercial process would not even have considered these documents. Further,
documents E1 to E7 were old published prior art documents and if the claimed
process were so obvious someone else should already have arrived at the
process. |

This argumentation cannot be followed by the Opposition Division. Although the
claimed process embraces embodiments which give very good results, it also
embraces the embodiments wherein the 4-ADPA intermediates have been
prepared by the processes of E1 and E7. Therefore the improvement of the yield
cannot justify the inventive step of the process. Moreover although in some cases
a very old document should not be considered as the closest prior ar, the fact that
a document has been published some years before the date of the publication of
the patent does not automatically imply that it cannot be used for the skilled
person if he has a good reason to select its content. The state of the art is defined
as comprising everything made available to the public, clearly without any time
restriction.

For these reasons the subject-matter of claim 24 of the auxiliary request does not
involve an inventive step.

Decision.

The opposed patent is therefore revoked under Article 102(1) EPC since, in the
opinion of the Opposition Division, the grounds for opposition mentioned in Article
100(a) EPC prejudice the maintenance of the European Patent 0 590 053,
because the subject-matter of claim 1 of the main request is not novel (see above
2.7) and the subject-matter of claim 24 of the auxiliary request does not involve an
inventive step (see above 6.4.).
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1. Plaintiff’s appeal shall be entirely dismissed.
2. Plaintiff shall bear the costs of the appeal.

| Purp"ose of Claim and Pliri)osé of Appeél '
The judgment by the lower courts shall be rescinded. The defendant shall be prohibited from
production, use, assignment, lease of the products listed on No. 1 List or from import or assignment or
agreement to lease said products (including exhibits of the products for assignment or lease). The

defendant shall destroy the entire finished and semi-finished products listed on No. 1 List that are held
by the defendant.

Reasons
1. Basic facts

A. The plaintiff, a manufacturer and seller of a variety of chemicals that are used for rubber
products such as tires, is the holder of the patent on “A method to manufacture 4-aminodephenylamin”
(hereinafter *4-ADPA") (Patent appliefl for: 11/16/1993. Patent registered: 12/11/1997. Patent
registration number: 132,514; hereinafier, “the patent invention of this case™).

B. The patent invention of this case manufactures (refer to Claims 1 through 23), using aniline or a
substituted aniline derivative (hereinafter “aniline compound”) as starting materials, 4-Nitrodiphenyl or
its substituted derivative and/or 4-Nitrosodiphynyl or its substituted derivative and/or its sait
(hereinafter “4-ADPA intermediate compound. In the meantime, it is referred to as an intermediate
compound of p-nitrosodiphenylamine in the Description of the Invention. Of the 4-ADPA intermediate
compound(s), aforementioned “4-Nitrosodiphynylamine” will be referred to as “4-NDPA” and p-
Nitrosodiphynylamine as “p-NDPA™). This invention relates to manufacturi.ng 4-ADPA or its

KKPC-ITC09158T



substituted derivative (Claims 24 through 48) wherein 4-ADPA is alkylated after reduction to
manufacture p-phenyldiamine or its substituted derivative (hereinafter referred “PPD”), PPD is a type
of ant-aging agent that helps products last longer by preventing oxidization of the rubber products such
as tires (Claims 49 through 74). Claims 1, 24, and 49 describe as follows:

(1) Claim 1: A method to manufacture one or more intermediate compounds of 4-ADPA including
the steps .a) and b) below; a) An aniline compound(s) and nitrobenzene are contacted for reaction in a
suitable solvent system; b) An anilipe compound(s) and nitrobenzene are reacted in a limited (reaction)

zone at a suitable temperature in the presence of a suitable base and a controlled amount of protic

materials.

(2) Claim 24: A method to manufacture 4-ADPA or its substituted derivative including the steps a)
through c) below; a) An aniline compound(s) and nitrobenzene are contacted for reaction in a suitable
solvent system; b) An aniline compound(s) and nitrobenzene are reacted in a limited reaction zone at a
suitable temperature in the presence of a suitable base and a controlled amount of protic materials to
manufacture one or more 4-ADPA intermediate compounds; c) 4-ADPA intermediate compounds are
reduced under the conditions wherein 4-ADPA or its substituted derivatives are manufactured.

(3) Claim 49: A method to manufacture alkylated PPD including the steps a) thréugh d); a) Aniline
compounds and nitrobenzene are conta(;ted for reaction; b) An aniline compound(s) and nitrobenzene
are reacted in a limited reaction zone at a suitable temperature in the presence of a suitable base and a
controlled amount of protic materials to manufacture one or more 4-ADPA intermediate compounds; c)
4-ADPA intermediate compounds are reduced to manufacture 4-ADPA or its substituted derivatives; d)

4-ADPA or its substituted derivatives from step c) are alkylated after reduction.

-3-
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C. In the meantime, Sinorgchem Co. Shandong located at No. 1, Bei'lhuan Road, Caoxian,
Shandong, 274400, China (hereinafter “Sinorgchem")[
T

E ]and applied for a patent on July 4, 2003 in China under the name

- “A method to manufacture 4-ADPA”. Claim 1 of said invention is described below and the flowchart

of the manufacturing proceés is described in Attachment No. 2:

Claim 1: A method to manufacture 4-ADPA using nitrobenzene and aniline as ingredients. Two
types of compound catalysers, corresponding to condensation reaction and hydrogenization, are
additionally used. The overall process is a continuous cycle comprised of five [sic] sequential steps,
namely 1) condensation, 2) hydrogenization, 3) separation, recovery and reuse of compound bases, 4)
separation, recovery and reuse of recycled powdered compound catalysers, 5) separation, recovery and
Teuse of solvents and aniline that were used for hydrogenization, and 6) refinement.

D. The defendant is primarily engaged in manﬁfactun'ng, processing, and selling synthetic rubbers
of its own products or those manufactured by third parties. The defendant imports 4-ADPA from
Sinorgehem (which is manufactured by Sinorgchem) and alkylates them after reduction to manufacture
and sell PPD products.

[Bases of acknowledgement] Uncontested facts, description in Exhibit A-1, Exhibit A-2, Exhibit A-3-2,
and Exhibit A-5, and the tenor of argument.
2. Claims by each party and opinion

4-
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A. Claims by each party
(1) The plaintiff claims that the 4-ADPA manufacturing method employed by Sinorgchem falls

within the scope of Claim 24 of the patent invention of this case as illustrated in each drawing of
Attachments 2 and 3 for the following reasons: @ Aniline and nitrobenzene are the starting materials
® A base is used as the catalyser of condensation reaction @ It uses a means to control the amount
of water - a protic mgterial ® It manufactures 4-ADPA by reducing the products generated during the
condensation step. The defendant has not only infringed Claim 24 of the patent invention of this case
by importing 4-ADPA that was manufactured by a method as described above, but also infringed Claim
49 of the patent invention of this case by manufacturing and selling PPD products that have been
manufactured by reductive alkylation of the imported 4-ADPA. Therefore, the plaintiff prays for
injunction of such infringing acts as described in the purpose of claims.

" (2) In reaction, the defendant dismisses the plaintiff’s claims, which are made on the premise that
Sinorgchem manufactures 4-ADPA using a méthod that infringes the plaintiff’s patent, for the
following reasons: O The patent invention of _this case had been widely known, common knowledge,
prior to the application for patent; therefore, it lacks novelty and progressiveness. Besides, the |
description and the scope of claims are not specific enough to apply the invention; therefore, the scope .
Qf claims cannot be accepted. @ Even if the patent invention of this case were valid, 4-ADPA itself is
a common knowledge material. Besides, there exists a variety of prior techniques as to the methods of

manufacturing it. Therefore, there is no way of knowing which method Sinorgchem is using to

manufacture it.
B. Opinion
(1) The content of the patent invention of this case and the characteristics of each claim in the scope ‘
. of claims '
Claim 1 of the patent invention of this case [the condensation step] focuses on reaction of aniline

compound(s) and nitrobenzene (hereinafter “Element 17)-the starting materials-in the presence of an

-5.
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suitable base (hereinafier “Element 2) and a controlled amount of a protic material (hereinafter
“Element 3; Claim 24 (the condensation step + the reductive step) adds a process of reducing 4-ADPA
intermediate compound(s) (hereinafter “Element 4™), which were generated by each Element; Claim 49

(the condensation step + the reductive step + the reductive alkylation step) adds a reductive alkylation’

" process of 4-ADPA (hereinafter “Element 5”) to Elements 1 through 4.

Meanwhile, in the context of organic chemistry such as the patent invention of this case, reduction
refers to “an reaction wherein the number of hydrogen atoms of a certain compound increases or the
‘number of oxygen atoms thereof decreases.” Here, Element 4 is considered a catalytic reduction
wherein Element 4 is reduced to hydrogen in the presence of a catalyser; that i, the nitro group of 4-
NDPA (-NO; or -NO) is reduced to NH;. Furthermore, Element 4 is merely an added process, which is
not qﬁaliﬁed for a patent on its own, as said reductive reaction can be performed by a commonly
known reduction method as described in the description of the patent invention of this case — “Such
reductive reaction can be performed by a commonly-known reduction method such as by combining a
hydride source, such as sodium borohydride, with carboﬁ palladium or carbon platinum catalyser.”

Moreover, reduction alkylation or reductive alkylation is “a reaction which alkylates ammonia, first
and second amine, by means of reduction in aldehyde or keton.” The description of the patent invention
of this case also states as follows: “The reductive alkylation of 4-ADPA for the purpose of enhancing
antiozonant can be performed by one of the various commonly-known methods.” Therefore, Element 5
itself cannot be possibly accepted as a patent either as in the case of Element 4, it is merely an added

process.
Accordingly, Claims 24 and 49, though each constitutes an independent claim, merely add a

KKPC-ITC09162T



common-knowledge technique, assuming that the Claim 1 of the patent invention of this case has
patentability. Hence, the patentability of those claims is subject to patentability of Claim 1 of the patent
invention of this case. So, for the purpose of determining whether the patent invention of this case is
common knowledge, Claim 1 will become the focus of discussion.
(2) Purpose of the patent invention.of this case and the scope of claims _
The description of the patent invention of this case states the purpose of the invention as follows:
The purpose of the present invention is to eliminate the problems of corrosion in the reaction container
caused by a substituted halogen material or presence of such substituted halogen in the stream of waste
material when reacting aniline and nitrobenzene directly using the conventional technique, as well as to
provide a commercially beneficial manufacturing process that results in reduced production cost of 4-
ADPA and a higher yield while being environmentally friendly at the same time. In the meantime,
whereas the examples of the patent invention of this case suggest that the conversion rate of ‘
nitrobenzene, the degree of selectivity and the yield rate of the intermediate compounds of 4-ADPA .
vary according to the control of aerobic/anaerobic, the temperature, the concentration or volume of the
reacting material, and the protic material such as water, they don’t necessarily limit the scope of claims
of the patent invention of this case by suggesting optimization of the conversion rate, the degree of
selectivity and the yield of the intermediate compounds of 4-ADPA that are produced as a result of
various types of reactions as described above.

If so, the core technical concept of the patent invention of this case is in the possibility of
controlling the yields of the intermediate compounds of 4-ADPA by controlling the reaction conditions
as described above. Then, it can be safely assumed that the improved yield of intermediate compounds
of 4-ADPA in the patent invention of this case (optimization by controlling the conversion rate and the
degree of selectivity) is merely secondary to the invention, therefore the improved yield itself beyond a

certain degree does not necessarily constitute a scope of claims in the patent invention of this case.
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(3) Novelty of the patent invention of this case

(A) The content of the referenced inventions ,
The academic article published by Wohl (Exhibit B-1. The invention described in this article will

be hereinafter referred to as “comparison invention™) about 1903, relates to compounds that are
genérated during the reaction of nitrobenzene and aniline in the presence of a base, and its reaction
mechanism. The sécondary products were discovered at the para position when aniiine Was pfeéent. In
a specific example, aniline and nitrobenzene were mixed and reacted at 120-125C. As aresult, p-
NDPA was found, which is one of the intermediate compounds of 4-ADPA.
(B) Comparison of the patent invention of this case with the comparison invention
The patent invention of this case and the comparison invention share commonalities in a sense that
®they both sixggest a method to manufacture p-NDPA by directly reacting nitrobenzene and aniline
through a base catalyser. As to this, however, the plaintiff argues as follows: Though the comparison
invention produces p-NDPA, one of the interme;iiate compounds of 4-ADPA, it is nothing but a side
reaction with a yield merely 3.3%. Besides, the major product (the target material) of the comparison
invention is either phenazine or phenazine oxide whereas 4-ADPA intermediate compounds (4-NDPA
and p-NDPA) are the major products of the patent invention of this case, therefore, quite different from
the comparison invention. Nonetheless, as long as the patent invention of this case has wholly adopted
the technical concept of the comparison invention and incorporated the essential reaction conditions
(such as the temperature of the water beyond the boiling point, and minimization of a protic material in

the scope of claims), one may not easily share the plaintiff’s view simply because it was described as a
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secondary reaction in the comparison invention. @ In terms of the effects of the invention, the patent
invention of this case generates less environmental hazard as it directly uses aniline compounds and
nitrobenzene as reaction materials. It also provides considerable economic benefits in terms of reduced

manufacturing costs. Likewise, the comparison invention rightfully shares the effects of the patent

" invention of this case because it also directly uses aniline and nitrobenzene as reaction materials. @

Both inventions also share commonalities in terms of the composition as described in Attachment 4
table.

However, the patent invention of this case includes Element 3, thus demonstrating a difference
from the comparison invention. We will discuss this further in detail. The description of the patent
invention of this case states as follows:

It is important to control the volume of the protic material that is present during the reaction.
Normally, during a reaction in aniline, if the moisture content is over 4% H,0, it would restrain the
reaction between aniline and nitrobenzene to the point that the reaction itself becomes meaningless. If
the moisture content is controlled under 4%, however, the reaction would proceed within the allowable
method...(omission)...hence, the reaction according to the present invention can be performed in
anhydrous conditions. A controlled amount of protic material, therefore, refers to about 4% H,0 based
on the volume of the reaction compounds, which is the point when the volume restrains the reaction of
aniliné and nitrobenzene. ...(0mission)...One may determine the maximum amount of the protic

material corresponding to a specific catalyser, the type of base, the volume of base, the positive ion of

base by applying the technical specifics of the ﬁresent invention. The minimum amount of the protic

material, which is required to maintain the selectivity of the desired products, varies according to the
catalyser, the type of base, the volume of base, and the positive ion of base. One may also determine

the minimum amount of the protic material by applying the technical specifics of the present invention.
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As the amount of the protic matenal, which is present during reaction, is important, said material can
be again added to a desirable amount as allowed under the conditions. The protic materials that are
added again during the reaction, including but not limited to water and methanol, are commonly known
to those skilled in the related field.

The description further suggests how to add and distill drying agents such as tetra methyl
ammonium hydroxide dehydrate, calcium hydroxide, and sodium hydroxide (In Claims 18 and 20, this
is added to the first paragraph, hence treating it as a separate scope of claims). In Example 3, when
adding water to the mixture, the selectivity of the intermediate compounds of 4-ADPA displays a
proportion relation to the amount of water for a few sections; then turns again to an inverse proportion
relation whereas the yield consistently maintains an inverse proportion relation with water. Example 8§
shows test results, which suggest an inverse proportion relation between the amount of water being
added to the mixture and the conversion rate of nitrobenzene and the yield of the intermediate
corn_pounds'of 4-ADPA. In addition, a multiple number of examples are introduced, suggesting how to
use drying agents or distillation in order to remove protic materials.

Together with the information contained in the description of the invention, in view of the fact that
Claim 1 of the patent invention of this case is a condensation reaction that produces intermediates of 4-
ADPA as a water molecule of simple structure falls apart after reaction of aniline compound and
nitrobenzene in the presence of a base, the configuration that controls the amount of protic materials
such as water in the patent invention of this case increases the yield of the intermediate compounds of
4-ADPA by increasing the conversion rate of nitrobenzene by lowering the water content (which is

generated during the reaction) below a certain level, which is after all the core technical concept.
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Further, “protic material can be again added to a desirable amount as allowed under the conditions” in
the description is more or less an additional explanation that applies to a situation when the content of
protic material falls below the target level due to an excessive removal of protic materials. In the
meantime, in light of the basic reaction type of the patent invention of this case or the description .
“hence, the reaction according to the present invention can be performed in anhydrous conditions,” as
well as the test results in Examples 3 and 8, the existence of “the minimum amount of the protic
material, which is required to maintain the selectivity of the desired products” does not have much
merits on its own apart from the yield of the intermediate compounds of 4-ADPA, which is largely
_ affected by the conversion rate of nitrobenzene.

Based on the overall tenor of the arguments backed by Exhibits B Nos. 1,2, 3,4, 5,10, 11, and 12,
the condensation reaction that generates water as a side product of the reaction of aniline and
" nitrobenzene in the presence of sodium hydroxide is displayed with its equation in the comparison
invention. At this time, sodium hydroxide acts as a drying agent as well as a base. Furthermore,
because the reaction temperature goes beyond the water boiling point, the water generatéd by such
reaction is continuously removed according to the sodium hydroxide and the reaction temperature,
which results in minimizing the water - a protic material. A multiple number of academic articles
published prior to the patent invention of this case, as well as chemical related patents, contain a
technical concept suggesting that said type of condensation reaction, an equilibrium reaction, may
eliminate water, a side product of such reaction, to restrain an inverse reaction while promoting a
forward reaction by keeping out of the equilibrium according to the Le Chatelier Principle. The
inventor of the patent invention of this case, in his own article, published on June 26, 1992,
acknowledged that the reaction retraining effect by water was due to the effects to the equilibrium of
the anilide jon that is formed as hydrogen is removed from aniline. The patent invention of this case
includes a cqhilibrium reaction that generates water as a side product. Then, changing the yield of the
target materials by controlling the protic materials such as water in such equilibrium reaction can be

called a common-knowledge technique, easily conceivable by a person skilled in the art.
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(C) Opinion

Based on the findings above, the patent invention of this case has the same starting materials, the
same reaction materials and the same target materials as those of the comparison invention while using
the same technical concept and the essential reaction conditions as those of the comparison invention. '
Further, the patent invention of this case merely added a common-knowledge technique, which is easily
conceivable by a person skilled in the art. Its effects also fall within the scope of predictable range, thus
lacking novelty (even if the novelty aspect were accepted, the patent invention of this case could be
easily conceived by combining the comparison invention with the common-knowledge technique, thus
making it very difficult to accept the novelty). .

3. Conclusion
If so, Claim 1 of the patent invention of this case cannot be accepted due to a lack of novelty.

Furthermore, Claim 24 and Claim 49, wherein a common-knowledge reduction reaction or reductive
.alkylation was added as a additional process, cannot not be accepted either due to a lack of novelty
{even if the novelty aspect were accepted, an injunction claim could not be established due to a clear
lack of novelty). The claim of this case, which is based on the premise that the defendant has infringed
the plaintiff’s patent by manufacturing and selling PPD, which is alkylated after reduction from the 4-
ADPA imported from Sinorgchem Co., is therefore dismissed for a lack of ground. The judgment by

the lower court is in accord with our decision, therefore, justified. The plaintiff’s appeal is hereby

dismissed for a lack of ground.

Presiding judge Young-tae Kim
Judge Jong-ho Kim
Judge Joon-ho Kim

-12-
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1. List

[seal]

4-aminodephenylamin (4-ADPA) manufactured according to the following steps: an aniline and
nitrobenzene are contacted for reaction in a suitable solvent system; aniline and nitrobenzene are
reacted in a limited reaction zone at a suitable temperature in the presence of a suitable base and a
controlled amount of protic materials to manufacture one or more 4-aminodephenylamine (4-ADPA)
intermediate compounds; 4-aminodephenylamine (4-ADPA) intermediate compounds are reduced
under the manufacturing conditions of 4-aminodephenylamin (4-ADPA), plus p-phenyldiamine (PPD)
manufactured by means of reductive alkylation of said 4-aminodephenylamine (4-ADPA) (including 4-
aminodephenylamine (4-ADPA) manufactured by Sinorgchem Co., Shandong at No. 1 Beihuan Road,
Caoxian , Chandong, 274400, China, plus p-phenyldiamine (PPD) manufactured from said product by

the defendant). End. [seal]
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2. Manufacturing Process Flowchart

The diagram below refers to the 4-aminodephenylamine manufacturing process flowchart.

Symbols: [seal]
1 — Powdered compound catalyser
2 — Hydrogenization solvent : o

{seal]

3 — Recovery and reuse of compound base catalyser

4 — Recovery and reuse of recycled compound base catalyser
5 — Recovery and reuse of hydrogenization solvent

6 — Recovery and reuse of aniline

[illegible] Diagram

[See original document for drawing ]

Compound base catalyser

Nitrobenzene [Condensation] |[Hydro genizatioﬂ [Scbaratiorj

Aniline : '
Refinemen{  [Separation 11
4-ADPA

KKPC-ITC09171T



3 Manufacturing Process Flowchart

Aniline, Catalyser

Aniline laver )

Nitrobenzene

Condensed liquid

Water layer

[Catalyser A recover Recovered water + fresh water

Organic layer Inorganic layer
[See original document for drawing.]

Refinement

Residues 4-ADPA Aniline [illegible] Water

Fig. 1 4-ADPA Manufacturing Process by Sinorgchem Co
(No. 2 & No. 4 figures in Exhibit A-3 & No. 3 & No. 10 figures in Exhibit A-3)
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4, Comparison with of the Patent Invention of This Case
with the Comparison Invention 1

[seal]

Claims of the patent invention of
the case

Description of the patent
invention of the case

Comparison invention }

a) in a suitable solvent systcm

There is no restriction on
suitable solvent
systems...(omission)...excess
anjline as to the water content in
nitrobenzene,...(omission)...,
works as a solvent.

“the water content in

Existence of excess aniline as to

nitrobenzene.

Aniline, substituted aniline
derivative and nitrobenzene are
contacted for reaction

Reaction of aniline and
nitrobenzene

b) to manufacture one or more
4-ADPA intermediate
compounds

4-ADPA intermediate
compounds refer to 4-
nitrodephenylamine, 4-
nitrosodiphynylamine (and p-
nitrosodiphenylamine) and its
substituted derivatives and salt

4-nitrosodiphenylamine was
found as a product.

Reacted in a limited (reaction)
zone at a suitable temperature

The reaction is performed at a
suitable temperature in a broad
range of temperatures, e.g. in the
range of -10T~150TC
...{omission)...

Reaction between 120T~125T

A suitable base

~

Suitable bases include but not
limited to alkali metal such as
sodium metal,... (omission)...

Sodium hydroxide*

* Sodium hydroxide is the most common compound of alkali metal sodium hydroxide.
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This is the original copy.

10.12.2005

Seoul Superior Court

Court clerk See-dong Yu [seal]

Note on appeal

If you object to the judgment, you must file a notice of appeal within two weeks from the date of receipt
of the original copy of the judgment with Seoul Superior Court (West Wing 2" Floor, General Reception

Area)
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4:14 PM, May 9, 2001 ' #2725
11:27 AM, October 14,2005 New Korea Int'l Patent Law Office No.8256 P.1

Forwarding No.: 7-7-2005-005643638 To: In Jae Soh, New Korea International Patent Law Office
Date forwarded: October 04, 2005 3rd F1, Janghyun Building, 637-23 Yoksam-dong
' Kangnam-gu, Seoul, Postal Code 135-909

Korea Intellectual Property Tribunal
Department 17
Service of a True and Same Copy of the Decision

Complainant Name Sinochem Company, Shandong, China

Address Beihue An Road. 1, Shandong China, Kao
Country, China
Agent Name In Jeh Cho Sent

Address New Korea Intemnational Patent Law Office 10. 0S. 2005

3" F), JangHyun Building, 637-23 Intellectual
' Yoksam-dong, Gangnam-gu, Seoul Property
Respondent Name Flexsys America L.P. Tribunal
Address 260 Springside Dr. Akron, Ohoo, U.S.A.
Agent Name Soo Ghil Chang
Address Kim & Chang Patent Law Office
9" F1.Heungkuk Life Insurance Bldg.
226 Shinmunro 1-ga, Jongro-gu, Seoul
Ruling No. 2004 Dang 766

Case description  Patent Registration No. 132514 Nullification Ruling
A true and same copy of the Decision related to above-noted ruling is hereby served.

Attachment 1 true and same copy of Decision End.

Receipt
No. —
10. 10. 2005
New Korea Int’]
Patent Law Office

October 4, 2005

Presiding Judge Yoon Won {illegible] Lee [seal]

1. The party who has lost in this ruling may appeal to the Patent Court within 30 days from the date when the
certified copy of Decision is received.

2. When you file a document with the Korea Intellectual Property Office, the date of filing is based on the date the
document is mailed out as stamped on the envelope. When you file a lawsuit with the Patent Court, this rule shall
not apply. Accordingly, the party concerned must make sure that the Complaint arrives at the Court by the filing
date.

Please contact Jong Ho Kim, the contact person in the Decision Administration Office, at 042) 481-5870 for any
inquiry you may have, For forms or procedures, please contact the Patent Team Call Center at 1544-8080.
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(P)111,100-V(COTC 209/02)

Korea Intellectual Property Tribunal

Department 17
Decision
Ruling No. 2004 Dang 766
Case Description Patent Registration No. 132514 Nullification Ruling
Complainant Sinochem Company

Beihue An Road 1, Shandong China, Kao Country, China

Agent Patent attorney Soo Jin Kim, Eui Seop Yoon
Eunice Patent Law Office
17" F1,, Yoonick Bldg.
706-13 Yoksam-dong, Kangnam-gu, Seoul

Agent Patent attorney In Jeh Cho
(New Korea International Patent Law Office)
3" Fl, Janghyun Building, 637-23
Yoksam-dong, Kangname-gu, Seoul

Respondent Flexsys America L.P.
260 Springside Dr. Akron, Ohoo, U.S.A.

Agent Patent attomey Mi Sung Shim, Soo Ghil Chang, Sung Min Choo
Young Hwan Yang, Hee Jun Choi, Hyun Sook Han
. (Kim & Chang Patent Law Office)
9" F1.Heungkuk Life Insurance Bldg.
226 Shinmunro 1-ga, Jongro-gu, Seoul
Sub-agent Patent attorney ~ Seok Yong Kang
14" F1,, Royal Bldg. Dangjoo-dong, Jongro-gu, Seoul
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11:27 AM, October 14,2005  New Korea Int'l Patent Law Office No. 8256 P.3

HOLDINGS

1. Claims 1-6, Claims 9-11, Claim 13, Claim 14, Claim 16, Claims 1829, Claims 32-34, Claim
36, Claim 37, Claim 39, Claims 41-54, Claims 57-59, Claim 61, Claim 62, Claim 64, and Claims
66—72 of the Patent No. 132514 Invention shall be invalidated and, with respect to the remaining
Claims, the application for trial of the subject case shall be dismissed.

2. Of the costs of trial & ruling, the Respondent shall bear the portion relating to 57/74 and the
Complainant shall bear the portion relating to 17/74.

PURPOSE OF THE PETITION

1. The patent of the Patent No. 132514 Invention shall be invalidated.
2. The Respondent shall bear the costs of trial & ruling.

GROUNDS

1. Basic facts

Exhibit A-1 Patent Registry shows that the Patent No. 132514 Invention (hereinafter referred to
as “the patent invention of this case”) is an invention entitled as a method of manufacturing 4-
aminodiphenylamine (hereinafter referred to as “4-ADPA”), which was filed for application as a
U.S. Patent (Application No. 719876) with the U.S. Patent Office on June 21, 1991; and the
priority right thereof was presented on the grounds of the above-noted patent application, and
thus the International Patent application thereof (Application No. PCT/US1992/2232) was filed
on March 27, 1992 under the Patent Cooperation Treaty, and thereafter, a translated copy of the
above-noted intémational patent application was submitted to the Korean Intellectual Property
Office (KIPO) on November 16, 1993 and registered on December 11, 1997. As indicated in the
Scope of the Patent Claims on Exhibit A-2 Registered Patent Gazette, the abstract of the patent
invention of this case is as follows:
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Claim 1. A method of manufacturing one or more 4-ADPA intermediate compounds that
contain a) and b) described below: (a) bring aniline or a substituted aniline derivative in contact
with nitrobenzene for reaction in a suitable solvent medium system; and (b) have aniline or a
substituted aniline derivative react with nitrobenzene in the preserice of suitable bases and
adjusted quantity of protic material within a limited (reaction) band at suitable temperature in
order to manufacture one or more 4-ADPA intermediate compounds. (hereinafter referred to as
‘Claim 1 of the patent invention of this case,” and other Claims shall be named in the identical
manner.);

Claim 2. A method of manufacturing in Claim 1, wherein the suitable solvent system is
selected from aniline, nitrobenzene, dimethyl sulfoxide, dimethyl formamide, N-methyl
pyrrolidone, pyridine, toluene, hexane, ethylene glycol dimethyl ether, diisopropyl ethylamine or
their compound;

Claim 3. A method of manufacturing in Claim 2, wherein the solvent is selected from aniline, »

. dimethyl sulfoxide, dimethyl formamide and toluene;

Claim 4. A method of manufacturing in Claim 2, wherein the suitable solvent medium system

" contains a protic solvent medium;

. Claim 5. A method of manufacturing in Claim 4, wherein the protic material is selected from
methanol, water and their compound;

Claim 6. A method of manufacturing in Claim 1, wherein the solvent medium system contains
water that amounts to 4v/v% of the total volume of aniline and the reaction compound;

Claim 7. A method of manufacturing in Claim 1, wherein the solvent medium system contains
water that amounts to 8v/v% of the total volume of dimethy! sulfoxide and the reaction

compound;

Claim 8. A method ofmanufag:turing in Claim 1, wherein the solvent medium system contains
methanol that amounts to 3v/v% of the total volume of aniline and the reaction compound;

Claim 9. A method of manufacturing in Claim 1, wherein the suitable temperature ranges from
-10°C to 150°C;
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.Claim 19. A method of manufacturing in Claim 18, wherein the drying agent is selected from
a group that is comprised of anhydrous sodium sulfate, molecular sieves (molecular sieves),
tetramethyl ammonium hydroxide dehydrate, anhydrous potassium hydroxxdc anhydrous sodium

‘hydroxide and activated alumina;

Claim 20. A method of manufacturing in Claim 1, wherein the amount of the protic material in
b) stage is controlled by continuous distillation of above-noted protic material;

Claim 21. A method of manufacturing in Claim 20, wherein the protic material is water and
the water is removed by an azeotropic distillation (method) that uses water/aniline azeotropic
material;

Claim 22. A method of manufacturing in Claim 1, wherein the substance of the substituted
aniline derivative is selected from a group that is comprised of aryl group, Ar-alkyl base, and
Arc-aryl base that contain halide, -NO,, -NH,, alkyl group, alkoxy group, -SO;, -COOH and at
least one -NH; group, and the halide is selected from a group that is comprised of chlonde,
bromide and fluoride;

Claim 23. A method of manufacturing in Claim 22, wherein the substituted aniline derivative
is selected from a group that is comprised of 2-methoxy aniline, 4-methoxy aniline, 4-
chloroaniline, p-toluidine, 4-nitro aniline, 3-bromo aniline, 3-bromo-4-amino toluene, p-amino
benzoic acid, 2, 4-diamino toluene, 2, S-dichloro aniline, 1, 4-phenylene diamine, and 1, 3, 5-
triamino benzene;

Claim 24. A method of manufacturing 4-aminodiphenyamine (4-ADPA) or its substituted
derivative that contain the steps of a)—c) described below: (a) bring aniline or a substituted aniline
derivative in contact with nitrobenzene for reaction in a suitable solvent medium system; and (b)
have aniline or a substituted aniline derivative react with nitrobenzene in the presence of suitable
bases and adjusted quantity of protic material within a limited (reaction) band under
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suitable temperature in order to manufacture one or more 4-ADPA intermediate compounds; and
(c) reduce the 4-ADPA intermediate compounds under the condition that their substituted
derivatives are manufactured;

Claim 25. A method of manufacturing in Claim 24, wherein the suitable solvent medium
system is selected from aniline, nitrobenzene, dimethyl sulfoxide, dimethyl formamide, N-methyl

pyrrolidone, pyridine, toluene, hexane, ethylene glycol dimethyl ether, diisopropy! ethylamine or
their compound; -

Claim 26. A method of manufacturing in Claim 25, wherein the solvent is selected from
aniline, dimethyl sulfoxide, dimethyl formamide, toluene and their compound;

Claim 27. A method of manufacturing in Claim 25, wherein the suitable solvent medium
system contains a protic solvent medium;

Claim 28. A method of manufacturing in Claim 27, wherein the protic material is selected
from methanol, water and their compound;

Claim 29. A method of manufacturing in Claim 24, wherein the solvent medium S)'rstem
contains water that amounts to 4v/v% of the total volume of aniline and the reaction compound;

Claim 30. A method of manufacturing in Claim 24, wherein the solvent medium system
contains water that amounts to 8v/v% of the total volume of dimethyl sulfoxide and the reaction

compound;

Claim 31. A method of manufacturing in Claim 24, wherein the solvent medium system
contains methanol that amounts to 3v/v% of the total volume of aniline and the reaction

‘compound;

Claim 32. A method of manufacturing in Claim 24, wherein the suitable temperature ranges
from -10°C to 150°C;

~ Claim 33. A method of manufacturing in Claim 24, wherein the suitable base is selected from
an organic base and an inorganic base; :

Claim 34. A method of manufacturing in Claim 33, wherein the above-noted organic

-6-
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base and inorganic base contain alkali metal, alkali metal hydride, alkali metal hydroxide, phase-
transition catalyst that is combined with the alkali source, amine, crown ether that is combined
with the alkali source and their compound;

Claim 35. A method of manufacturing in Claim 24, wherein the base is selected from allyl
ammonium salt, alkyl ammonium salt, allyl/alkyl ammonium salt and alkyl diammonium salt that
are combined with the base source;

Claim 36. A method of manufacturing in Claim 24, wherein the base is mixed with aniline or
a substituted aniline derivative to become a compound and this compound gets in contact with
nitrobenzene for reaction;

Claim 37. A method of manufacturing in Claim 24, wherein aniline or a substituted aniline
derivative is mixed with nitrobenzene to form a compound and the salt is added to this;

Claim 38. A method of manufacturing in Claim 24, wherein the solvent medium is aniline and
the salt is tetra-alkyl ammonium hydroxide or alkyl-substituted diammonium hydroxide;

Claim 39. A method of manufacturing in Claim 24, wherein aniline or a substituted aniline
derivative is reacted with nitrobenzene under an aerobic condition;

Claim 40. A method of manufacturing in Claim 24, wherein aniline or a substituted aniline
derivative is reacted with nitrobenzene under an anaerobic condition;

Claim 41. A method of manufacturing in Claim 24, wherein a 4-ADPA intermediate
compound is reduced with hydrogen in the presence of suitable catalyst;

Claim 42. A method of manufacturing in Claim 41, wherein the catalyst is carbon-phase
platinum, carbon-phase palladium or nickel;

Claim 43. A method of manufacturing in Claim 24, wherein the drying agent exists during the
b) reaction process in order to adjust the amount of protic material that exists while aniline or a
substituted aniline derivative is reacted with nitrobenzene;
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Claim 44. A method of manufacturing in Claim 43, wherein the drying agent is selected from
a group that is comprised of anhydrous sodium sulfate, molecular sieves, tetramethyl ammonium
hydroxide dehydrate, anhydrous sodium hydroxlde, anhydrous potassmm hydroxlde and
activated alumina; : :

Claim 45. A method of manufacturing in Claim 24, wherein the amount of the protic material
in b) stage is controlled by continuous distillation of above-noted protic material;

Claim 46. A method of manufacturing in Claim 45, wherein the protic material is water and
the water is removed by an azeotropic distillation (method) that uses water/aniline azeotropic
material; :

Claim 47. A method of manufacturing in Claim 24, wherein the substituent of the substituted
aniline derivative is selected from a group that is comprised of aryl group, Ar-alkyl base, and
Arc-aryl base that contain halide, -NO,, -NH;, alkyl group, alkoxy group, -SO3, -COOH and at
least one -NH; group, and the halide is selected from a group that is comprised of chloride,
bromide and fluoride;

Claim 48. A method of manufacturing in Claim 47, wherein the substituted aniline derivative
is selected from a group that is comprised of 2-methoxy aniline, 4-methoxy aniline, 4-
chloroaniline, p-toluidine, 4-nitro aniline, 3-bromo aniline, 3-bromo-4-amino toluene, p-amino
benzoic acid, 2, 4-diamino toluene, 2, 5-dichloro aniline, 1, 4-phenylene diamine, and 1, 3, 5-
triamino benzene; '

Claim 49. A method of manufacturing 4-aminodiphenyamine or its substituted derivative that
contain the steps of a)-d) described below: (a) bring aniline or a substituted aniline derivative in
contact with nitrobenzene for reaction in a suitable solvent medium system; and (b) have aniline
or substituted aniline derivative react with nitrobenzene in the presence of suitable bases and
adjusted quantity of protic material within a limited (reaction) band under suitable temperature in
order to manufacture one or more 4-ADPA intermediate compounds; and (c) reduce the 4-ADPA
intermediate compounds under the condition that their substituted derivatives are manufactured;
and d) 4-ADPA or its substituted derivative described in c) is reduced and alkylated;
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Claim 50. A method of manufacturing in Claim 49, wherein the suitable solvent system is
selected from-aniline, nitrobenzene, dimethyl sulfoxide, dimethyl formamide, N-methyl
pyrrolidone, pyridine, toluene, hexane, ethylene glycol dimethyl ether, diisopropyl ethylamine or
their compound; T _ o .
~ Claim 51. A method of manufacturing in Claim 50, wherein the solvent is selected from
aniline, dimethyl sulfoxide, dimethyl formamide, toluene and their compound,

Claim 52. A method of manufacturing in Claim 50, wherein the suitable solvent medium
system contains a protic solvent medium,;

Claim 53. A method of manufacturing in Claim 52, wherein the protic material is selected
from methanol, water and their compound; '

Claim 54. A method of manufacturing, in Claim 50, wherein the solvent medium system
contains water that amounts to 4v/v% of the total volume of aniline and the reaction compound;

Claim 55. A method of manufacturing in Claim 50, wherein the solvent medium system
‘contains water that amounts to 8v/v% of the volume of dimethyl sulfoxide and the reaction

compound;

Claim 56. A method of manufacturing in Claim 50, wherein the above-noted solvent medium
system contains methanol that amounts to 3v/v% of the volume of aniline and the reaction

compound;

Claim 57. A method of manufacturing in Claim 50, wherein the suitable temperature ranges
from -10°C to 150°C;

Claim 58. A method of manufacturing in Claim 50, wherein the suitable base is selected from
an organic base and an inorganic base; .

Claim 59. A method of manufacturing in Claim 58, wherein the above-noted organic base and
inorganic base contain alkali metal, alkali metal hydride, alkali metal hydroxide, alkali
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metal alkoxide, phase-transition catalyst that is combined with the salt source, amine, crown ether
that is combined with the alkali source and their compound;

Claim 60. A method of manufacturing in Claim 50, wherein the base is selected from allyl
ammonium salt, alkyl ammonium salt, allyl/alkyl ammonium salt and alkyl diammonium salt that
are combined with the base source;

Claim 61. A method of manufacturing in Claim 50, wherein the base is mixed with aniline or
a substituted aniline derivative to become a compound and [this compound] gets in contact with
nitrobenzene for reaction;

Claim 62. A method of manufacturing in Claim 50, wherein aniline or a substituted aniline
derivative is mixed with nitrobenzene to form a compound and the salt is added to this;

Claim 63. A method of manufacturing in Claim 50, wherein the solvent medium is aniline and
the salt is tetra-alkyl ammonium hydrqxide or alkyl-substituted diammonium hydroxide;

Claim 64. A method of manufacturing in Claim 50, wherein aniline or a substituted aniline’
derivative is reacted with nitrobenzene under an aerobic condition;

Claim 65. A method of manufacturing in Claim 50, wherein aniline or a substituted aniline
derivative is reacted with nitrobenzene under an anaerobic condition;

Claim 66. A method of manufacturing in Claim 49, wherein 4-ADPA or its substituted
derivative is reductively alkylated with ketone selected from a group that is comprised of acetone,
methyl lisobutyl ketone, methyl isoamyl ketone and 2-octanone;

Claim 67. A method of manufacturing in Claim 49, wherein the drying agent exists during the
b) reaction process in order to adjust the amount of protic material that exists while aniline or a
substituted aniline derivative is reacted with nitrobenzene;

Claim 68. A method of manufacturing in Claim 67, wherein the drying agent is selected from
a group that is comprised of anhydrous sodium sulfate, molecular sieves, tetramethyl ammonium
hydroxide dehydrate, anhydrous potassium hydroxide, anhydrous sodium hydroxide and
activated alumina;
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Claim 69. A method of manufacturing in Claim 49, wherein the amount of the protic material
in b) stage is_controlled by continuous distillation of above-noted protic material;

- - Claim 70: A method of manufacturing in Claim 69, wherein the protic material is water and -
the water is removed by an azeotropic distillation (method) that uses water/aniline azeotropic
material;

Claim 71. A method of manufacturing in Claim 49, wherein the substituent of the substituted
aniline derivative is selected from a group that is comprised of aryl group, Ar-alkyl base, and
Arc-aryl base that contain halide, -NO,, -NH>, alkyl group, alkoxy group, -SO3, -COOH and at
least one -NH; group, and the halide is selected from a group that is comprised of chloride,
bromide and fluoride; .

Claim 72. A method of manufacturing in Claim 71, wherein the substituted aniline derivative
is selected from a group that is comprised of 2-methoxy aniline, 4-methoxy aniline, 4-
chloroaniline, p—toluidine; 4-nitro aniline, 3-bromo aniline, 3-bromo-4-amino toluene, p-amino
benzoic acid, 2, 4-diamino toluene, 2, 5-dichloro aniline, 1, 4-phenylene diamine, and 1, 3, 5-
triamino benzene; '

Claim 73. Diammonium salt that was alkylation substituted from 4-nitrodiphenylamine or 4-
nitrosodiphenylamine: Here, each alkylation substituent of alkylation substituted diammonium
ions is independently selected; and

Claim 74. A salt, as described in Claim 82 [sic], that is selected from a group comprising 4-
nitrodiphenylamine bis-dibutylether hexamethylene diammonium salt and 4-
nitrosodiphenylamine bis-dibutylethyl hexamethylene diammonium salt.

2. Claims of the Parties Concerned

A. Argument of the Complainant
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The Complainant was secking a decision as indicated in the purpose of this petition, and
submitted Exhibits A-1~A-17 and Reference Material 1 citing the following points as core
reasons:

(1) Claim 1 of the patent invention of this case relates to-a method of manufacturing *“4--
Nitrodediphenylamine (referred to as ‘4-ADPA’ hereinafter ), 4-Nitrosodiphenylamine
(hereinafter referred to as ‘p-NDPA), or their substituted derivatives, or their sodium (hereinafter
generally referred to as ‘4-ADPA intermediate compound’) by reacting aniline or a substituted
aniline derivative with nitrobenzene. However, since the method of manufacturing p-NDPA
which is one of 4-ADPA intermediate compounds by reacting aniline and nitrobenzene is
publicly disclosed in Exhibit A-4 (Chem. Ber., 36, 1903, Whol A., page 4135-4138; referred to as
‘the compared invention' hereinafter), a publication circulated prior to the date when the priority
right of the patent invention of this case was claimed, Claim 1 of the patent invention of this case
and its subordinate claims, Claims 2~23 of the patent invention of this case are either identical as
the compared invention or an invention that can be easily derived from [the compared invention],
and thus their registration violates provisions set forth in Section 29 Paragraph 1 or Paragraph 2
of the old Patent Law (Law prior to its revision to Law No. 4594 on December 30, 1993, and said
law [is referred to] hereinafter);

(2) Claims 24~48 of the patent invention of this case relate to a method of manufacturing 4-
ADPA or its substituted derivative by reducing the 4-ADPA intermediate compounds
manufactured in the Claim 1 of the patent invention of this case, and Claims 49~72 of the patent
invention of this case relate to a method of manufacturing p-phcnylenediamine (referred to PPD
hereinafter) or its substituted derivates by alkalizing 4-ADPA. However, since the method of
reduction and alkylation is a publicly disclosed method in the concerned art even before the
patent application of the patent invention of this case was submitted, Claim 24~Claim 72 of the
patent inivention of this case are either identical as the compared invention or an invention that
can be easily derived from [the compared invention], and thus their registration violates
provisions set forth in Section 29 Paragraph 1 or Paragraph 2 of the old Patent Law;

(3) Claims 73~74 of the patent invention of this case relate to sodium of compounds
manufactured by the manufacturing method of the patent invention of this case.

-12-
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However, manufacturing such sodium is very easy for anyone who is skilled in the art, [Claims
73 and 74 of the patent invention of this case ] were filed in violation of provisions of Section 29
- Paragraph 2 of the old Patent Law; : -

(4) The reaction presented in the compared invention is an equilibrium reaction; and by
applying Le Chatelier’s Principle to this [reaction], the patent invention of this case can be easily
derived; and :

(5) Among the components of Claim 1 of the patent invention of this case, “suitable base” and
“in the presence of adjusted quantity of protic material” are ambiguous expressions with an
overbroad meaning, hence violate provisions of Section 42, Paragraph 3 and 'Paragraph 4 of the
old Patent Law.

B. Argument of the Respondent

The Respondent was seeking a decision to the effect that "Court decision for the petition on
this case shall invalidate [such a petition]. The costs of trial & ruling shall be borne by the
Complainant,” and submitted Exhibit B-1~Exhibit B9 and Reference Material 17 citing the
following points as core reasons:

(1) Claim 1 of the patent invention of this case is different from the compared invention in that
the 4-ADPA intermediate compound is obtained by a reaction “in the presence of adjusted
quantity of protic material,” and even when Le Chatelier's Principle is combined with the
compared invention, Claim 1 of the patent invention of this case can never be achieved;

(2) Since the compared invention belongs to “a different art for the invention” compared to
Claim 24 and Claim 49 of the patent invention of this case, one cannot deny the inventiveness of
Claim 24 and Claim 49 of the patent invention of this case; :

(3) Since the specification of the patent invention of this case includes description sufficient for
anyone who is skilled in the art to clearly understand the contents of the invention and replicate
the invention, and illustrates various bases including tetraalkyle ammonium and hydroxide
(TMAH) in addition to preferred embodiments, “suitable base” among the components of Claim
1 of the patent invention of this case satisfies a descriptive requirement for a specification; and
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(4) Since the meaning of "adjustment” and how much amount is "adjusted quantity” are
sufficiently described enough for anyone who is skilled in the art to clearly understand and
replicate [the invention], “in the presence of adjusted quantity of protic material” among the
components of Claim 1 of the patent invention of the case satisfies a descriptive requirement for a
specification.

3. Is the Complainant an Interested Party?

Since the description in Exhibit A-3 (Warning) is indicative of the fact that the Complainant
was indirectly encountering confrontation of rights from the Respondent, which suggests that [the
Complainant] has interest in whether or not the patent invention of this case can continue to exist,
the petition for decision of this case shall be acknowledged as a legitimate petition by an
interested party.

4. Description of the Compared Invention.

The compared invention, an invention that directly reacts nitrobenzene and aniline in the
presence of alkali in order to examine their reaction mechanism, describes that with aniline and
nitrobenzene used as starting materials, a surplus amount of aniline is left against the mole
content of nitrobenzene and they [aniline and nitrobenzene] are mixed with sodium hydroxide;
and then the mixture is reacted at a temperature of 120~125 °C to create p-NDPA, one of 4-
ADPA intermediate compounds. '

5. Decision of this Court )
A. Decision on whether or not the description in the specification is insufficient
The Complainant argues that of the components of Claim 1 of the patent invention of this case,
“suitable base” and “in the presence of adjusted quantity of protic material” are ambiguous
expressions with an overbroad meaning, therefore, inadequate descriptions. This court will now
examine the Complainant’s argument to that effect.

-14-
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The scope of a patent invention needs to be evaluated not only by what is described in the
claimed scope of the patent, but also by looking at the entire description covering detailed
descriptions of thie invention plus brief descriptions of drawings in order to clarify the nature and
the purpose of the invention, and then form a judgment of the scope of the invention for its
substance taking into consideration the invention’s nature and purpose. Therefore, if the content
of the invention that was filed for a patent application can be easily understood and replicated by
anyone who has general knowledge in the concerned art, although thete are partially ambiguous
portions, [the description of the invention] should be seen as a legitimate description of the
claimed scope (refer to Supreme Court Ruling 94 Hu 944 Decision on October 13, 1995). Hence,
first of all, when “suitable bases” is examnined from this point of view, as described in the detailed
description of the patent invention of this case, “ Suitable bases include, although not limited to,
organic bases and non-organic bases such as alkali metals, —~(cut off)---, hydroxides, [illegible]
and their compounds,” types of bases are not specified but simply listed as examples; therefore,
"suitable bases" of the components of Claim 1 of the patent invention of this case are necessary
bases for manufacturing 4-ADPA intermediate compounds using aniline and nitrobenzene as
staring materials and cannot be deemed particularly restricted in terms of type. Furthermore,
since preferred embodiments of the patent invention of this case present examples of

. manufacturing 4-ADPA intermediate compounds using a variety of bases that encompass non-
organic and organic bases such as tetrabutyl ammonium hydroxide, tetrapropyl ammonium
hydroxide, benzyl trimethyl ammonium hydroxide, 18-crown-6 + 2KOH, and bis-dibutyl ethyl
hexamethylen di-ammonium hydroxide in addition to the famous base of TMAH, anyone who is
skilled in the art can easily select a base and replicate the patent invention of this case, hence,
above-noted "suitable bases" satisfy the descriptive requirement of the claimed scope of the
invention.

Next, when we examine “adjusted quantity of protic material,” as the detailed description of
the invention of this case describes, “The adjusted content of protic material refers to
approximately 4% H;0 based on the total volume of the reaction compound when aniline is used
as a solvent medium, in other words, the amount that suppresses the reaction between aniline and
nitrobenzene.

-15-
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This amount will be different depending on the upper limit of a solvent medium for the content of
protic material that is present during the reaction. For instance, when DMSO is used as a solvent
medium, and tetramethyl ammonium hydroxide is used as a base, the upper limit of the amount

‘of protic material that is present during the reaction is approximately 8% H;0,” one can say that

the allowed content of protic material depends on a base or a solvent medium. However,
considering the types of base and solvent medium described in the detailed description of the
patent invention of this case are generally selected ones in the concerned art, it can be
acknowledged that anyone who is skilled in the art can easily determine the adjusted quantity of
protic material without engaging in undue experiments; hence the argument of the Complainant
who finds fault at this does not have grounds.

B. Decision on Inventiveness of the Patent Invention of This Case

(1) Claim 1 of the patent invention of this case

Claim 1 of the patent invention of this case and the compared invention have something in
common in that both provide a method of manufacturing p-NDPA by reacting nitrobenzene and
aniline. ,

In terms of technological construction in order to achieve such an objective, as Claim 1 of the
patent invention of this case presents the following method as its key construction; @ in a
suitable solvent medium system @ using aniline or a substituted aniline derivative and
nitrobenzene as starting materials, @ react above-noted starting materials within a limited
(reaction) band at a suitable temperature @ with a suitable base ® in the presence of adjusted
quantity of protic material ® in order to manufacture more than one 4-ADPA intermediate
compounds, we will examine above-reference method in comparison to the corresponding
construction of the compared invention.

Since Component @ of Claim 1 of the patent invention of this case specifies the solvent
medium system to “suitable,” it cannot be viewed as putting specific limitation on a solvent
medium system. Furthermore, the detailed description of the patent invention of this case
describes, "A suitable solvent medium system includes, although not limited to, solvent mediums
such as dimethyl sulfoxide, N-methyl pyrrolidone, dimethyl formamide, aniline, —---(cut off) --—-
---, diisopropyl ethylamine or their compounds.
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KKPC-ITC 09147T



4:14 PM, May 9, 2001 #18/25
11:29 AM, October 14, 2005 New Korea Int’] Patent Law Office No. 8256 P.17

Desirably, -----(cut off)------, aniline or a substituted aniline derivative of surj)lus amount against
the mole content of nitrobenzene plays the role of a solvent medium,” which indicates
Component @ of Claim 1 of the patent invention of this case includes aniline; since in the case of
the compared invention, the surplus amount of aniline exists as well against the mole content of
nitrobenzene, which indicates aniline is also used as a solvent medium, it appears that
Component @ of Claim 1 of the patent invention of this case is publicly disclosed in the
compared invention.

And Construction @ of Claim 1 of the patent invention of this case, when compared to starting
materials of the compared invention, is identical as the compared invention in that it uses aniline
and nitrobenzene as starting materials; Construction @ and Construction ® relate to reaction
temperatures and bases, and the detailed description of the patent invention of this case shows
that they include the temperature of 120~125 *C and sodium hydroxide as the base just as in the
compared invention; furthermore, Construction ® of the patent invention of this case includes p-
NDPA, the created product of the compared invention. In conclusion, Construction @,
Construction @, Construction @, and Construction ® of the patent invention of this case are
publicly disclosed in the compared invention. ,

On the other hand, as to Construction® of the patent invention of this case, a difference lies in
the fact that while it reacts [the starting materials] in the presence of adjusted quantity of protic'
material, the compared invention does not explicitly describe such condition. In order to compare
the above-noted difference between both inventions, first we shall examine whether or not a
protic material is present in the compared invention, and then if a protic material is present in the
compared invention, we shall examine if there is a noticeable difference between [the protic
material of the compared invention] and the “adjusted quantity” of Claim 1 of the patent
invention of this case.

The compared invention was for manufacturing p-NDPA, one of 4-ADPA intermediate
compounds by reacting nitrobenzene and aniline and it is a publicly disclosed knowledge that
through the reaction mechanism, water (H,0), in addition to p-NDPA, becomes generated and
water is one of representative protic materials. The reaction between nitrobenzene and aniline
takes place in the form of minute molecule units and the number of molecules that exists is the
same as the number of Avogadro per 1 mole of reactant (6.02 x10%);

-17-

KKPC-ITC 09148T



4:14 PM, May 9, 2001 #19/25
11:29 AM, October 14, 2005 New Korea Int'l Patent Law Office No. 8256 P. 18

once a pair of molecules react for the first time, immediately water molecules become created,
after which adjacent molecules react in the presence of water that is being created in a chain
reaction. Therefore, since almost all molecules, unless they are completely removed at the same
time water is produced, will react in the presence of water which is a protic material, one can say
water which is a protic material is present in the compared invention.

Next, we shall examine ‘adjusted quantity’ of the protic material of the components of Claim 1
of the patent invention of this case. The detailed description of the patent invention of this case
describes, It is important to control the content of protic material that is present during the
reaction. Generally, when reacting in the presence of aniline, the moisture that exists over
approximately 4% H,0 suppresses the reaction between aniline and nitrobenzene to the degree
that the reaction itself is made insignificant. As a result, when the content of the moisture is
reduced below 4%, the reaction progresses within the allowable parameter. —- (cut off) ~---—-
Therefore, the reaction according to this invention can be executed in an anhydrous condition.
The adjusted content of protic material refers to approximately 4% H,O based on the total
volume of the reaction compound when aniline is used as a solvent medium, in other words, the
amount that suppresses the reaction between aniline and nitrobenzene,” which indicates to us that
‘adjusted quantity’ of the protic material is to adjust water below a certain amount. However, the
only description given to the lower limit is “the minimum quantity of protic material necessary to
maintain the selectivity of the desired created product changes depending on a solvent medium,
types of a base, the amount of a base, or positive ions of a base,” which makes it impossible for
us to easily find out what the lower limit is. In conclusion, it can be interpreted that while the
lower limit of 'the adjusted quantity’ in Claim 1 of the patent invention of this case may differ
depending on a solvent medium, a base, or types of protic material, presence of the smallest
amount of protic material would suffice as long as the reaction takes place.

As have been examined so far, although a certain amount of water, a protic material, becomes
generated in the compared invention, it will evaporate or be absorbed due to a high reaction
temperature and sodium hydroxide, and thus the content of water will be
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extremely miniscule; when compared, the ‘adjusted quantity’ of the protic material of Claim 1 of
the patent invention of this case also includes a minimum amount of water, hence, Construction
® of Claim 1 of the patent invention of this case cannot be regarded as s1gmﬁcantly different
from the compared invention.

Lastly, in comparing the effect of both inventions, Claim 1 of the patent invention of this case
does not use halide, but directly uses aniline and nitrobenzene in manufacturing the 4-ADPA
intermediate compound, which has an effect of resolving problems such as environmental .
pollution, corrosion of the reactor, and high manufacturing costs. Since the compared invention
also has aniline directly react with nitrobenzene, both inventions are identical in that they produce
effects of resolving problems such as environmental pollution. The Rcsponde;nt claims that
Claim 1 of the patent invention of this case shows up to a 88% yield of the 4-ADPA intermediate
compounds while the compared invention results in merely a 3.3% yield, and therefore there is a
significant difference in the effects between the two invention. However, in the case of the 88%
yield, it is merely one preferred embodiment that represents the maximum yield in Claim 1 of the
patent invention of this case, and cannot be viewed as an effect that represents the entire
construction of Claim 1 of the patent invention of this case which is claiming a far greater scope
than that of the preferred embodiment; hence, it cannot be acknowledged that there are significant
-differences in the effects between Claim 1 of the patent invention of this case and the compared
invention. :

Accordingly, since the construction of Claim 1 of the patent invention of this case includes
components that are publicly disclosed in the compared invention, and portions that have no
difference in the construction cannot be acknowledged for their inventiveness, Claim 1 of the
patent invention of this case is an invention that does not have inventiveness compared to the
compared invention.

(2) Claim 24 and Claim 49 of the patent invention of this case

Claim 24 of the patent invention of this case involves a method of manufacturing 4-ADPA
after first manufacturing 4-ADPA intermediate compounds in the same manner as in Claim 1 of
the patent invention of this case and then reducing [the 4-ADPA intermediate
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compounds], and Claim 49 of the patent invention of this case relates to a method of
manufacturing PPD after first manufacturing 4-ADPA in the same manner as in Claim 1 of the
patent invention of this case and then having [4-ADPA] go through a reductive alkylation process.
As such, Claim 24 and Claim 49 of the patent invention of this case are after all components of
Claim 1 of the patent invention of this case plus the reduction process and the reductive

alkylation process added respectively, which we shall examine in the following paragraphs.

In general, reduction means, "a reaction in which the number of hydrogen atoms are increased
or the number of oxygen atoms are decreased in a compound,” and above-noted reduction
process corresponds to a contact reduction method thereof where [materials] become reduced to
hydrogen in the presence of a catalyst, in other words, a nitro group (-NO,) of 4-NDPA or a nitro
group of p-NDPA (-NO) is reduced to NH,. As described in the detailed description of the patent
invention of this case, "This reduction reaction can be executed through publicly disclosed
reduction methods such as the one combining a hydride source, i.e., Sodium Borohydride, with a
carbon-supported palladium catalyst or a carbon-supported platinum catalyst for use,” the afore-
mentioned reduction process is a publicly known technology in the concerned art and is not
something that brings difficulty or particular enhancement effects when combined with Claim 1
of the patent invention of this case, and thus it is no more than a simple supplementary process
for anyone who is skilled in the art to easily select. _

In addition, reductive alkylation is “a reaction in which ammonia, the primary ammine, or the
secondary ammine is alkylated in a reductive manner in aldehyde or ketone,” and the detailed
description of the patent invention of this case describes, "the reductive alkylation reaction of 4-
ADPA in order to raise antiozonant can be executed by one of many publicly disclosed methods.”
Therefore, this process, just as in the case of the reduction process, is no more than a simple
supplementary process for anyone who is skilled in the art to easily select.

Hence, since Claim 24 and Claim 49 of the patent invention of this case are nothing but sxmply
adding publicly disclosed technology to Claim 1 of the patent invention of this case, as long as
there is no inventiveness found in Claim 1 of the patent invention of this case, they are regarded
as being easily invented from the compared invention.

(3) Subordinate claims of Claim 1, Claim 24 and Claim 49 of this case
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(A) Claims 2~6, Claims 25~29 and Claims 50~54 of the patent invention of this case are
subordinate claims that specified “a suitable solvent medium system™ among components of
- Claim 1, Claim 24, and Claim 49 of the patent invention of this case, and they are limiting [the
suitable solvent medium system] to aniline and water among others. However, they are identical
with the compared invention in that the compared invention also uses aniline as a solvent medium
and water is produced during the reaction.

(B) The temperature range of -10°C~150°C in Claim 9, Claim 32, and Claim 57 of the patent
invention of this case falls under the same range as that of 120°C~125°C in the compared
invention.

(C) Bases of Claim 10, Claim 11, Claim 33, Claim 34, Claim 58 and Claim 59 of the patent
invention of this case include sodium hydroxide, which is the base of the compared invention.

(E) While Claim 13, Claim 14, Claim 36, Claim 37, Claim 61 and Claim 62 of the patent
invention of this case relate to the combination sequence of materials, since there are no
differences of eﬁ'ects depending on the combination sequence, it is merely a simple design
change.

(F) Favorable conditions of Claxm 16, Claim 39, and Claim 64 are not much different in
comparison to the reaction conditions of the target.

(G) Claims 18~21, Claims 43~46 and Claims 67~70 of the patent invention of this case choose
and specify methods such as a drying agent or azeotropic distillation in order to adjust content of
water. However since the compared invention also employs anhydrous sodium hydroxide which
is suggested as one of drying agents in the patent invention of this case, and the technology of
adjusting the content of water using methods such as azeotropic distillation is a common
knowledge in the concemned art (refer to Exhibit A-6~Exhibit A-8), the above-noted technology
construction is no more than a simple supplementary process that anyone who is skilled in the art

can easily adopt.
~ (H) Claim 22, Claim 23, Claim 47, Claim 48, Claim 71 and Claim 72 of the patent invention of
this case specify a substituted aniline derivative. However, since there are no differences in the
effects depending on the types of substituents, this is merely a simple change in materials.
Furthermore, Claim 41, Claim 42, and Claim 66 of the patent invention of this case involve
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a reduction procedure and a reductive alkylation procedure, which is a simple addition of a
common knowledge in the concerned art.

(I) Then, Claims 2~6, Claims 9~11, Claim 13, Claim 14, Claim 16, Claims 18~23, Claims
25~29, Claim 32, Claim 33, Claim 34, Claim 36, Claim 37, Claim 39, Claims 41~48, Claims
50~54, Claims 57~59, Claim 61, Claim 62, Claim 64, Claims 66~72 of the patent invention of
this case are deemed something that can be easily invented by anyone who is skilled in the art
from the compared invention.

(J) On the other hand, Claim 7, Claim 8, Claim 12, Claim 15, Claim 17, Claim 30, Claim 31,
Claim 35, Claim 38, Claim 40, Claim 55, Claim 56, Claim 60, Claim 63 and Claim 65 of the
patent invention of this case select dimethyl sulfoxide, methanol, ammonium derivatives and a
base condition as a solvent medium, protic material, a base and the reaction condition
respectively. Since these selections are different from the corresponding components of the
compared invention, and there are significant effects of improved yields due to these differences,
they cannot be regarded as something that can be easily invented by anyone who is skilled in the
art from the compared invention. :

(4) Claim 73 and Claim 74 of the patent invention of this case

Claim 73 and Claim 74 of the patent invention of this case involve diammonium salt; as
diammonium salt is a new compound that is not described in the compared invention and has a
different chemical structure and usage compared to p-NDPA that is described in the compared
invention, [these claims] cannot be deemed something that can be easily invented by anyone who
is skilled in the art from the compared invention.

C. Sub-Conclusion

As have been examined so far, Claim 7, Claim 8, Claim 12, Claim15, Claim 17, Claim 30,
Claim 31, Claim 35, Claim 38, Claim 40, Claim 55, Claim 56, Claim 60, Claim 63, and Claim 65
of the patent invention of this case show differences in some parts of their construction as
compared to the compared invention, and improvement in the yield is significant '
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due to such differences in the construction and thus they are deemed something that cannot be
easily invented by anyone who is skilled in the art. Therefore, the argument of the Complainant

© that the registration of these Claims should be invalidated cannot be accepted. However, since the-

rest of the Claims of the patent invention of this case can be easily invented by anyone who is
skilled in the art, the argument of the Complainant that finds fault with those parts is justifiable.
Although there are other points that the concerned parties argue about, since they are not going to
affect the conclusion of the decision on this case, descriptions of such argument shall be omitted.

6. Conclusion

Therefore, it is the decision of this court that a portion of the petition for ruling of this case
shall be cited, and pursuant to the principle that a party defeated shall bear the court costs
associated, of the costs of trial & ruling, the Respondent shall bear the portion relating to 57/74
and the Complainant shall bear the portion relating to 17/74. As such, this court rules as indicated
in the holdings.

September 30, 2005

Chief Judge Judge Yoon Won Lee
- [seal:] Judge Yoon Won Lee
Judge Min Ho Gong .
[seal:] Judge Min Ho Gong
Judge Yeo Hyeon Hwang
[seal:] Judge Yeo Hyeon Hwang
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This is a true copy identical to the original filed in this office.

Korea Intellectual Property Tribunal
Head of Tribunal Administration Office
[seal:] Head of Tribunal Administration Office
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1. A. Baeyer and H. Caro, Bur. 7, 810, 963 (1874).
G. Overholser and J. H. Yoc, J. Am. Chem. Soc. 63, 3224-29 (1941); C.4. 36, 363
(1942
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L. verholser and J. H. Yoe, Va. J, Sci. 1, 162-7 .(1940).

W. H. J. Vernon and L. Whitby, J. Soc. Chew. Ind. 47, 255-8T (1928); CA 22
4407 (1928).

A Monnier, Arch. sci. phys. nat. 4, 210 (1916).

J. H. Yoe, Photoumctric Chemical Awalysis, Vol. I, p. 164, John Wiley, New York.
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#-NITROSODIPHENYLAMINE Synonym: Phenylamino-p-nitrosobenzene
C1:H1ONs Mol. Wt. 198.22 Beil. Ref. XII, 207(294).
CHs—NH—CH.NO

Use: Detection and determination of palladium.

p-Nitrosodiphenylamise is obtained as a green crystalline- solid from benzene.
It melts at 143° C. It is easily soluble in alcohol, ether and chioroform.

Preparation: Mix 30 g. of aniline, 30 g. of nitrobenzene and 120 g. of finely
powdered, completely dry sodium hydroxide in a flask and hest in an oil-bath
to 110-120° C. Stir frequently. Alfter a short time the mixture is transformed
into a thin liquid. If the temperature rises to 120-125° C. the liquid becomes
darker and thicker. When the mass has solidified, the reaction is complete. Cool
and dissolve in about 1 liter of hot water. Warm the mixture on a water-bath
and allow to cool in an jce mixture until the base and azobenzene are crystallized.
Filter with suction and wash several times with water to remove the allall
Treat the stronglv alkaline liquid with carbon dioxide and after about 2 hours
lter off the bluish-black needles which separate. Treat the filtrate an addi-
tional 2 hours with carbon diaxide and collect a second crop of crystals. Add
these to the first, aud then purify by crystallizing from alcohol!

Detection and determination of palladium. p-Nitrosodiphenylamine re-
acts with palladous chloride in a neutral or slightly acid solution to form ecither
a deep red. solution or a purplish-brown precipitate. As little as 0,005y of
palladium can be detected with this reagent by means of a spot plate test. The

“only other metallic ions which form colored compounds with this reagent are

silver and gold, but the reactions with these metals are much less sensitive.
Oxidizing agents interfere with the reaction, and cyanides snd iodides prevent
the formation of the colored compound. Precipitation is quantitative if an excess
of the reagent is added to a slightly acid solution of a palladous salt. The
compound appears to be Pd[CH:NHCHNO} (1,34

Small quantities of palladium may be determined colorimetrically by means
of the color which appears when solutions of palladous salts are treated with
p-nitrosodiphenylamine. p-Nitrosodiphenylamine appears to be superior to p-ni-
trosodimethylaniline for the palladium determination, since with the former &

E%%omws.%-anoa is permissible. The reagent cannot
rni?%ggznrggen%ﬂ_ﬁmﬁnﬁ for
example, the determination fails if the concentration of u&:ﬂ%o@ﬂm&n
0.03 M. ﬂﬁm&o!mﬂgnaau.gingﬁngsganﬂaﬁ?
E&E:BFE«E&%E“. .

Reagents, p-Nitrasodiphenylamine reagent: meo?n.mo mg. of p-nitrosodi-
%Fgaromwuvkgng_gge_cﬁa 1 liter.

Buffer solution: Add 240 ml. of 1 N hydrochloric acid to 200 ml. of 1 N
sodium acetate solution and dilute to 1 liter. .

Procedure. Add sufficient hydrochloric acid to 15 ml. or less of the pal-
fadium solution to make the concentration of the acid about 10 per cent. Traasfer
to a small separatory funnel, add 10 ml. oi ethyl acetate or ethyl ether, shake,
and drain off the acid solutiocn. This treatment serves to remove most of the
na&.iE%FEn:—éﬂrvﬁ. Shake the ethyl acetate or ether layer
with a little _ovﬂgnzudgsnﬂanni again separate. If necessary
repeat the treatment with ethyl scetate or ether. Evaporate the aqueous solution
just to dryness, take up in a little hydrochloric acid and again evaporate nearly
to dryness. Dissolve the residue in a little water, add 25 ml. of the buffer solu-
tion and 2 ml of the reagent solution. and dilute to 100 ml. with water. Let
stand 30 minutes and compare the resulting color with that obtained similarly
with solutions containing known quantities of palladium, which shonld range
from 0.5 to 507.

Since silver interferes with the determination of pafladous chloride, palladous
nitrate is determined in the presence of a nitric acid-sodium acetate buffer
of pH 1.2

eagent. Dissolve 25 mg. of p-nitrosodiphenylamine in 50 ml. of ethyl al-
8——%% dilate to wsgﬁui.nr‘“-&a_. Filter if any of the solid remsins

undissolved. .
Procedure. Pipet 25 ml. of a sodium acetate-nitric acid buffer of pH 12

thoroughly and allow to stand for 20-30 minutes before making the color com-

perison. ?%%F»&Qﬁsgg&wuﬂvﬁ for 1-2 hours.
1903).

w“ ». Nﬁ..—.h_ﬂ-uwnﬂhw—uw.am. <voo. J. Am. Chem. Soc. 63, 3224-29 (1941); C.4. 36,

3 .H.....m.u «ﬁ.s.w.__ L. G. Overholser, J. dm. Chem.-Soc. 61, 2058-63 (1939); C.4. 33,

4 rqmrmwuwr and J. K. Yo, Va. J. 5ci. 1, 1627 (1940).

?EHWOMO-YZDWNE&%
CaHONs © Mol. We. 172.18 Beil. Ref. VII, 717.

CyeHo( NO) NH, ¥ CioHo(=NH)=NOH
Use: Determination of cobalt, copper and nickel,
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2333 (ms).

-

- sl in water
v moetic acid.

~nitrobenzolc
H 2.75% N
lic acids m
+ Hy80, and

p '148° when
1w0l, benugc-

C,H,NO;
.0 43’6‘97::
mm “O
‘:realy sol is

-unroplmr-
toxy) henyl
s 1-(4-iso-
-|solhlo¢¥' .
-23654; G
:57.35% H
» Fr. pat

4 carcinogen:
.ls-om, 1983) p 149.
[ =

1491477 (1967 to Agripat), C.A. 69, 76923y (1968); Mart-
"o Antos, Chem. Zvesti 23, 181 (1969); Antos et al., Ger.
;,, 1,932,690 (1970 to Ceskoslovenska Akademic Ved),
CA. 12, 100265v (1970). Activity in dogs: Gemmell, Qude-
'.,,;, Res. Ver Sci 19, 217 €1975).

Crystals, mp 107-113°, Martvon, Antos, loc. cit.; 124:125°,
Fr. pat. 1,491,477, Insol in water; sol in organic solvents.
THERAP CAT (VET): Antbelmintic.

6556. N-Nitrosodiethanolamine,
pisethanol; 2,2° -nurutmluodlahanol. di-(2-hy yl)-

. ﬁ%‘k‘smﬁ D ion HOCH,Cl. | 28
\NO Formed by the mlonofnitﬁt:ondi ortdethno!

Prepn: E. R. H. Jones, W. Wilson, J.
M9, 547; R. Preassmann, Ber. 98, 1371 (1962); w. I.ijlmky
ul. J. Mn Cancer Inst. 49. 1239 (1972). Carcinogenicil
H. Druckery et al, Z. Krebeforsch. 69, 103 (1967).
hpumyinmﬁn.nulds T. Y. Fmﬂal...s'ctmuﬂﬁ.'lo
091;))- cosmetics: eidem, Food Cosmet Toxicol 15, 423
Mutageaicity study: A. Hesbert o aL. Mutat. Res.

!, 207 (1979).

Light yellow oil, bpy,, 125", nff1.4849.

Note: This substance may reascnably be anticipated to be

s carcinogen: Fourth Annual Report an Carcinogens (NTP
”-WZ 1985) P 148.

6357, N-N!trolodl;tllyllmlu. N-Ethyl-N-n}
aning dicth, DEN; DENA; NDBA. .‘gg,l
NO: ol e Te e 47 00 S 27, ’b
0. 'Deteeud in trace amounts in 10
-noke: ruckney. mmn. Naturwiss. 49, 4598 (1962)

ud in various proaluﬂ

Cosmet. Toxlcol 6, 341 (1968); Fdanmh. Glasser, Ni

14, 357 (1970). Formed by the Intcndon of nitrite wi
diethylamine and by the ncdcn nitrate-reducing bacteria.
Industriol prspw { 1,085,166 (1.960 to dun
Pont), C.A. ::Mh 1962)' mrh;. Mmry Us. pat.

2,2 <(Nitrosoimino)-
droxyeth,

Slightly yellow lig.
14388. Sol in .wates,
" Note: Thismhcuncemyrmablyhmﬂdpnudmbe

: Fourth Annual Report on Carcinogens (NTP

d Jubricant additive; antioxidant; sta.

6558. N-N!trosodlmetl:yhmlne. N-Mcrhyl-N-ullmm-
-almnauum.- dimethylnitrosamine; DMN; DMN, -
Taoh € e B alen N ek S
2 .60%. (CH%ﬁNO Reportedly found in trace amounts
is tobacco sm condensates: oades, Jobason, Namn
86, 307 (1972); in cured meat produéts, notably bacon:
wtal, thid 241, 473 (1973); in smoked and'salted fish: Fndo
wal, J. A Agr, Food Chem. 19, 250 (1971); Fong, Chan, Na-
ture 243, 421 (1973). Formed by the int of nitrite
with dimethylamine and by the action of nitrate-reducing
bacteria. Industrial prepn: Brit. pat. 772,331 {1957 to Olin
Mathieson), C.4. 51, 14783 (1951}. loffe, Zh. Obshch.
Khim. 28, 1296 (1958); Norris, J. Am. Chem. Soc. 81, 3346
{1959); Campbell, U.S. pat. 2,981,752 (1961 10 cscg
Datin, Elliott, U.S. pat. §,136,821 (1964 to Allied Chem
elabolism and toxicity: Magee, Vandekar; Magee, Bio-
| chem, J, 70, 600, 606 1958), Hesth, idid. 88, 72 (1962).
reinogenicity studies: Magee. Barnes, Brit J. Cancer 10,
114 (1956); see also eidem, Adv. Cancer Res 10, 163-246
- 1967). Chemistry: Layne et ol, J. Am, Chem. Soc. 85, 435,
t 1016 (1963).
Yellow liquid, bp 15§-153" bpy 61 1°. dff 1.0048. nff

4.Nitrosophenol

Consult the cross index before using this section.

6563

1.4368. Very sol in water, alcohol, ether. LD,. Lp. in rats:
U mg/kg (Heath).

Note: This substance may reasonably be ontiapued to be
a oarcinogen: Fourth Annual Report on Corcinogens (NTP
85-002, 1985) p 15).

use: Formerly in the prodn of rocket fuels: antioxidant;
additive for lubricants; softener of copolymers.

6559, p-Nitroso-N,N-dimetbylaniline. N,N-Dimethyl-4-
nitrosobenzenamineg Accelerine. ,0: mol wt 150.18.
C639l7-.H6.‘H7-.N1l66%.0 %. Prepd in the cold
from NaNO, and a soln of dune(hylwline in HQL.

Qreen plates or leaflets. mp 92.5-93.5"; also stated as
:;lb-:l' Volatile with steam. Insol in water; sol in alcohol,
T,

USE: Manuf orgadic compds; accelemator in vulcanizing; in

printing fabrics.

6560 p-Nitrocodlphonylmﬂne. 4-Nitroso-N-phenylben-
C.,'H(”N,O; mol wt 198.22. C72.71%, B 5.05%,
N 14.13%,

mﬁ-mﬁmﬂwmer&mbume)ornd-
blue prisws or plates (from sther 4 water). mp 144.145",
Slighuymunmmorstruherkeelynlinnlcohol.
chloroform, benzen uolmln!-!,so.widurededor.
whbhmdduly&nmwﬁdctcuwm :
.“F n},m}m,?yhc:m&g
carcinogen: Fox
as-ooz. 1985) p 152,
Accelerator in vulcanizing rubber.

6561. N-Nitrosomorpholine. 4-Nitrosomeo
NMOR. %1 s mol wt 116.11. C41.37%, H 94’0.N
24.12%, O *Prepn; L. Knors, Anx. 301, 1 (1898); F.
Chapman, J. Chem. Soc. 1949, IGSI.G.MCIGLBW 09.
2374 (1936). Carcinogenicity Druckrey et al,
Naturwiss. 48, 134 (1961). P, Blnnucb. H.-A. Milller, Am
neimittel-Forsch. 14, (1964); IAR:

llou‘mplll 17, 263
Q978), Mmbolium B W, Stewart, P. N. Mages, Biochem.
J. 126, 21P (1972).

heline;

ho

Ydlowaysuls. mp 29", bpy 139- ucr. 224-224.5".
Sol in water. LDy, onally in mts: 282 mg/ks (Druckrey).
Note: mmmymblyuuudmwb
a carcinogen: Fourth Annual Report on dm:huasm'r?
85-002, 1989) p 157.

ﬁml phthal 2uph mglm !73216. cw:;l;::k
~Da| . wt ..
H 4.07’5. N 8.09%, O W sddition of
to a mixture of B-nuphzbol dlnolved ln sq NaOH
b’ 5 C 8. Mmd.P.K.Pomr.Orx.syn.eon.voI.
I. 411 (hd ed., 1941).

Yellowish-brown needles from petr ether, mp 109-110".
Sol in 1000 parts water, 35 parts alcoho); also sol in hot al-
cohol, benzene, ether, carbon disulfide, caustic alkali solns,
giacial acetic acid; slightly sol in cold petr ether.

UsE: To prevent gum formation in gasoline; in anslytical
c?gu;try in the determination of cobalt (o sepsrate it from
nl

6563, 4-Niu-osophenol
oxime.
11.38%, O 2

Quinone oxime; quinone mon-
r;& mol wt 123.11. C 53.53%, H 4.09%, N
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8-Nitroquinoline

(Translation for this entry is omitted)

4-Nitrosodiphenylamine [156-10-5]
Molecular formula C12H10H20 Relative molecular weight 198.23

Physical and chemical properties Green crystal, melting point 144 °C (decomposition), soluble
in ethanol. ether, chloroform.

Synthetic reaction (see original)

1. NaOH

Aniline + Nitrobenzene -memmmn=d 4-miitrosodiphenylamine

2.CO2
Reaction steps Mix 30 gram of aniline, 30 gram of nitrobenzene and 120 gram of finely
powdered, completely dry sodium hydroxide in a flask and heat in an oil-bath to 110-120 °C.
Stir for a short time and the mixture is transformed into a thin liquid. Raise the temperature to
120-125 °C, the liquid becomes darker and thicker. When the mass has solidified, the reaction is
complete.

Cool and dissolve in about 1 liter of hot water. Then cool in an ice mixture until the base
and azobenzene are crystallized. Filter and the filtrate is treated with carbon dioxide for 2h, and
filter off the bluish-black needle crystals. Treat the filtrate an additional 2h with carbon dioxide
and collect a second crop of crystals. Combine these two crops and then purify by crystallizing
from alcohol to get pure 4-nitrosodiphenylamine.

References

[1] Windholz Martha ed. The Merck Index. 11th ed. Rahway (New Jersey): Merck & Co.,
Inc. 1988. 6560

[2] Welcher FJ. Organic Analytical Reagents, IIl. New York: D Van Nostrand Co. 1947.
408

[3] Japan) Chemical Industry Daily Press, 11290 @ Chemical Merchandise, Tokyo:
Chemical Industry Daily Press, 1990. 938
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?-NITROSODIPHENYLAMINE Synonym: Phenylamino-p-nitrosobenzene
CusHi0ON; Mol Wt 19822 - Beil. Ref, XII, 207(294).
CHs—NH—-CH,NO

Use: Detection and determination of palladium.

p-Nitrosodiphenylamisie is obtained as a green crystalline- solid from benzene.
It melts at 143° C. It is easily soluble in alcohol, ether and chioroform.

Preparation: Mix 30 g. of aniline, 30 g. of nitrobenzene and 120 g. of finely
powdered, completely dry sodium hydroxide in a flask and heat in an oil-bath
to 110-120° C. Stir irequently. After a short time the mixture is transformed
into a thin lquid. If the temperature rises to 120-125° C. the liquid becomes
darker and thicker. When the mass has solidified, the reaction is complete. Cool
and dissolve in about 1 liter of hot water. Warm the mixture on’ a water-bath
and allow to cool in an ice mixture until the base and azobenzene are crystallized.
Filter with suction and wash several times with water to remove the alkali.
Treat the strongly alkaline liquid with carbon dioxide and after about 2 hours
flter off the bluish-black needles which separate. Treat the filtrate an addi-
tional 2 hours with carbon dioxide and collect a second crop of crystals. Add
these to the first, end then purify by crystallizing from alechol?

Detection and determination of palladium. p-Nitrosodiphenylamine re-
acts with palladous chloride in a neutral or slightly acid solution to form either
a deep red. solution or a purplish-brown precipitate. As little as 0005y of
palladium can be detected with this reagent by means of a spot plate test. The

- only other metallic ions which form colored compounds with this reagent are

silver and gold, but the reactions with these metals are much less sensitive.
Oxidizing agents interfere with the reaction, and cyanides and iodides prevent
the formation of the colored compound. Precipitation is quantitative if an excess
of the reagent is added to a slightly acid solution of a palladous salt. The
compound appears to be Pd[CsH;NHC,HNO] Cl,.24¢

Small quantities of palladium may be determined colorimetrically by means
of the color which appears when solutions of palladous salts are treated with
p-nitrosodiphenylamine. p-Nitrosodiphenylamine appears to be superior to p-ni-
trosodimethylaniline for the palladium determination, since with the former a

: higher concentration of iron, copper and gold is permissible. The reagent cannot
i be used in solutions containing high concentrations of neutral salts, sioce. for
{  example, the determinatiqn fails if the concentration of sodium chloride exceeds
. 0.03 M. The following procedure may be used for the colorimetric determina-
i tion of palladium in the presence of gold:? 3

Reagents, p-Niirosodiphenylomine reagent: meo?n.mo mg. on. p-nitrosodi-
%«Eun?.&csronwuwﬁnﬂngv.—&noragﬁﬁn to 1 liter.

Buffer solution: Add 240 ml. of 1 N hydrochloric acid to 200 mL of 1 N
sodium acetate solution and dilute to 1 liter. .

Procedure. Add sufficient hydrochloric acid to 15 ml. or less of the pal-
{adinm solution to make the concentration of the acid about 10 per cent. Transfer
to a small separatory funnel, add 10 ml. of ethyl acetate or ethyl ether, shake,
and drain off the acid solution. This treatment serves to remove most of the
gold, which remains in the upper loyer. Shake the ethyl acetate or ether layer
with a little 10 per cent hydrochloric acid and again separate. If necessary
repeat the treatment with ethyl acetate or ether, Evaporate the aqueous solution
just to dryness, take up in 2 little hydrochloric acid and again evaporate nearly
to dryness. Dissolve the residue in a little water, add 25 ml. of the buffer solu-
tion and 2 ml. of the reagent solution. and dilute to 100 ml. i_n.r water. Let
stand 30 minutes and compare the resulting color with that obtained similarly
¥ with solutions containing known quantities of palladium, which should range

from 0.5 to 507.
¢ Since silver interferes with the determination of pafladous chloride, palladous
nitrate is determined in the presence of a nitric un..n._.mo&_.:: acetate buffer
of pH 1.2,

Reagent, Dissolve 25 mg. of p-nitrosodiphenylamine in 50 ml. o.m ethyl m_.r
cohol znd dilute to 100 ml with water. Filter if any of the solid remains
undissolved. . .

Procedure. Pipet 25 ml. of a sodium acetate-nitric acid buffer of pH 12
into & 100-ml. volumetric flask. Add the palladous nitrate solution, and 2 mk
of p-nitrosodiphenylamine reagent, and then dilute to the mark with water. Mix
‘thoroughly and allow to stand for 20-30 minutes before making the color com-
parison. The color develops in about 30 minutes and js stable for 1-2 hours.

w W %&%rw*ﬁuuwhwuw.ﬁcwwp J. Am. Chem. Soe. €3, 322429 (1941); C.d. %,

) 3 .u..umm ,M«Woo..u-w.n L.G O<n_.ro_wn._.. J. dm. Ckem. Soc. 61, 2058-63 (1939) ; C.d. 33,

1939). .
4, rq%qur_wu and J. H. Yoe, Va. J. Sci. 1, 1627 (1940).

a-NITROSO-f-NAPHTHYLAMINE
Ci:HONs Mol We. 172.18 Beil. Ref. VIL, 717.

CioHo(NO) NH; =t C,oHo(=NH)=NOH

Use: Determination of cobalt, copper and nickel.
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4 .Nitrosophenol 6563

1491477 (1967 to Agripat), C.A. 69, 76923y (1968); Mart- | 1.4368. Very sol in water, alcohol, ether. 'LD,. i.p. in rats:
v, Antos, Chem. Zvesti 23, 181 (1969); Antos er al., Ger, | 34 mg/kg (Heath).

“‘:‘.' 1,932,690 (1970 to Ceskoslovenska Akademie Ved), Note: This sub may r bly be anticipated to be
F_,(. 92, 100265v (1970). Activity in dogs: Gemmell, Oude- | a carcinogen: Fourth Annual Report on Corcinogens (NTP
gans, Res. Ver Sct 19, 217 €1975). 85-002, 1985) p 151.

use: Formerly in the prodn of rocket fucls; antioxidant;

Flat tast . additive for lubricants; softener of copotymers.
se. oo o xCS 6559, p-Nitroso-N,N-dimetbylssiline. N,N-Dimethy{-4-
2 nitrosobenzenamine Accelerine. CHN,O; mol wt 150.18.
=2-propoxybey,, C 63.98%, H 6.71%, N 18.66%, O 10.65%. Prepd in the cold
& l‘ll’{m!;‘oxy. from NaNO, and s soln of dimethylaniline in HQL

3! ; o . ) Green plates or leaflets. mp 92.5-93.5% also stated as
% O 44’ | Crystals, mp 107-113" Martvon, Antos, loc. cit.; 124:125', | g7 88" Volatile with steam. Insol in waier: sol in slcobol,
sugar. withyo | Fr. pot- 1,491,477, Insol in water; so! in organic solvents. | _no.

';,:,.7@,‘,,‘_ &, THERAP CAT (VET): Antbelmiatic. ) USE: Manuf orgaic pd terator in vulcanizing; in
,6%. ':_'} :ﬁ 6556. {V—l:itrbgodlethm}:zlne.k 2,?"2-(cmrosoimtm3- printing fabrics.

K. - isethanol; 2,2' -nitrosim anol; di-(2-hydroxyethyl)- . i _
K. Woollarg, :monmine: NDELA., © Oy mol wt 13413, C 6560, p-Nitrosodiphenylamlue, 4-Nitroso-N-phenylben

H, N, Y
ome Buri zenamine. H,N,O; mol wt 198.22. C72.71%, H 5.09%,
eivie toapesn | j82%, K 7.51% N 20.86%, 'O 35.79%. (HOCH,CH SyPe: ENHOHNO.

S
aible ta NNO. Forined by the actlor of sitrités oo - or tcthanole |  ear

Green piates with bluish Juster (from benzenc) or steel-
W“_l;’?{“l, E. R. 1. "amaiswls?/:“('f;éz; v?"'!". Soc. | pige pm-xpmh or plates (from ether 4 water). mp 144.145"
1949, 547; R. Preussmann, Ber. 95, i W. Lifinsky | syiphly sol in water or petr ether: frecly sol in alcohol, ether,
aal, J. Nat. Cancer Inst. 49, 1239 (1972). Carcinogenicity chloroform, benzene. Dissolves in H,SO, with & red color,

% | wdr B Druckeny & d"'-.rzy";"*"’?";_' . Jos g%".”)é which suddenly changes to violet on Warming. -
™ | tmpursity in cutting s: T.Y.Faneta ence 19 . ance BAY reasona ioi

'09.;7)2 in cosmetics: eidem, Food Cosmet Toxicol 185, '423 Nou‘. This ‘“I‘-":tu bly be anticipated to be

(!91273;’ dld;’t;)genidty study: A. Hesbert &f al, Mutat. Res. :5 o2 Toa p 15'21,,' Annual Report on Carcinogens (NTP
i {ht yellow oil, bpy, 125% n T84S, iz Accelerator in vulcanizing rubber,
Note: This sub ma, bly be anticipated to be 6561. N-Nitrosomorpholine. 4-Nitrosomorpholine;

y
S tap 41.5- | s carcinogen: Fourth Annual Report on Carcinogens (NTP | NMOR. ‘CHyN;O;: mol wt 116.11. C41.37%, H 6.94%, N
wble in boiling § 5.002, 1985) p 148. 24.12% O 21.56%. Brepn: L, Koo, dus. 201, 1 (1898}, .
" L) J. em. 4 ; Q. Oléh &t » . v
slnolinecars. 6557, N-Nitrosodiethylamine, N-Ethyl-N-nitrosouthan- | 3374 (1936). Carcinopealcity studics: H. Drackrey ¢ al.
3,04 mal swing; dicthylaltrosamine; DEN; DENA; NDEA. GyHug~ | Narurwiss. 48, 134 (1961); P. Bansasch, K.-A. Mller, Arz-
»,ﬁ?.,m?,,;ﬁ 7 ‘fr?,#' mﬁﬁ‘a‘ﬁo‘lﬁjﬁ"’o&? neimittel-Forsch. 14, 805 (1964, IARC Monographs 17, 263
2333 (1906). | e smoke: rackney, Preussman, Naturwiss. 49, 498 (1962). 9917':6) 2%“&";,%“ ¢ B.W. Stewart, P. N. Magee, Biochem.
. wnd in various processed foods: Hedler, Marquardt, Food | & °°7 .
- Cosmet. Toxicol. 6, 341 (1968); Friemuth, Giaeser, Nahrung
: 14, 357 (1970). Formed by the intersction of nitrite with o
diethylamine and by the action of nitrate-reducing bacteria.
Industria] prepn: Reilly, Ger. pat. 1,085,166 (1960 to du
Pont), C.A. 56, 4594h {1962); Levering, Maury, U.S, pat,
% b eple Bl el Tt o e
. s 1 Ind - (MEla p 1 . totoxicity an ogen- - R
- soln water L iipy seudies: © Schyinachl ef al, Naturwiss 56, 341 (1967) Yo .
e b o g et | b 22422655
wulstforsch. 37, L. : ew: | Yallow crystals, mp 29" bpy 139-1407; bpy, 224-224.5".
-nl Magee., Barnes, Adv. Cancer Res. 10, 163-246 (1967). £ in rats: .
H Tenn | Slightly yellow liq. 4P 09422, bp 175177 bpy AT WB | ke s et eoay resssnsbly be soi {Druckrey)

Fri A 14388, Sof in .water ether. Note: This m}?:'t‘an:e may ;.-R;onnbly be c:::goipnted to be
1’ s are B g - ' - carcinogen: rth Annual Report on inogens (NTP
: ].[130‘ and Note: This substance may reasonably be anticipated to be :5 <002, 1985) p 157. .
4 carcinogen: Fourth Annual Report on Carcinogens (NTP
. 85-002, 1985) p 149. ) : 6562, 1-Nitroso-2-uaphthol. I1-Nitroso-2-naphthalenol;
Use: Gasoline and lubricant additive; antioxidant; sta- | nitroso-g-naphthol. NOz; mol wt 173.16. C 69.36%,
bilizer, H 4.07%, N 8.09%, O 18.43%. Prepared by the addition of

) OH

6558, N-Nitrosodimethiylamine, N-Methyl-N-nitroso- | T 0,108 Txture of £napbihe) dissaived 18 44 b vol.
wmethanamine; dimethylnitrosamine; DMN; DMNA. CH,- I, 411 (2nd’ed . 1941).

; mol wi 74.08. C 3242% H 8.16%, N 37.82% O - .

21.60%. (CHy,NNO. Reportedly found in trace amounts Yo
148° when in tobacco :moi;e condensates: Rhoades, Jobnson, Nature
Pl " 236, 307 (1972); In cured meat produdts, notably bacon: Sen
10l, ben2ene et al, [bid. 241, 473 (1973); in smoked and'salted fish: Fazio
¢ al,, J. Agr. Food Chem. 19, 250 (1971); Fong, Chan, Na-
ture 243, 421 (1973). Formed by the intersction of nitrite
CHNOy with dimethylamine and by the action of nitrate-reducing
St | St e B G
1e gram dis* athieson), . 51, a ; Joffe, Zh. Qbshch. o ., 09.110".
Creciy soltn | Khims. 28, 1296 (19583, Norris, J. Arm. Chem. Soc. 81, 3346 | 5oF o0 rorcs marer 33 poces theohon siso sl in hot .
. 1959); Campbell, U.S. pat. 2,981,752 (1961 1o C5.C% | copol, benzene, ether, carbon disulfide, caustic alksli solus,
nitrophen: | spm Elliow, U, pat. 3,136,821 (1964 10 Allied Chem.). | procial acetic acid; slightly sol in cold petr cther.
- etabolism and to : agee, Vandekar; Magee, Bio- . s e s
saxylphenyl & chem, J, 70, 600, 606 (1958) Fleath, foid. 85, 73 (1962), | o5, TO Preveat gum formation in gasoliner in analytical

B, 1-(4-is0- reinogenicity studies: Mages. Bames, Brit J. Caricer 10, :hl;:gtry in the determination of cobalt (10 scparaic it from
"‘°‘hl?‘g§ .} U4 (1956); see also eldem, Adv. Cancer Res. 10, 163-246

23658 L 11967). Chemistry: Layne er oL, J. Am. Chem, Soc. 85, 435, 6563, 4-Nitrosophenol. Quinone oxime; quinone mon-
ssraem | s ased). oxime. CH,NOg mol wi 123.11. C 58.53%, H 4.09%, N
” . " 3

Yellow liquid, bp 151153, bp,, 67.1° dF 10048, ¥ | 11.38%, O 23.99%.

Consult the cross index before using this section. Page 1049
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CuartEr . XIV
'NITROSO AMINES

11 A study of aromatic amines reveals that compounds cofitaining the p-nitroso- 53
; . s phenyl amino group, p-NO—CeH—N=, such as p-nitrosoaniline, p-nitroso- 7%
f 3 1| : dimethylaniline,!" p-nitrosodiethylaniline and p-nitrosodiphenylamine 2 form co
ored complexes with divalent palladium salts. These compounds are all of the"
same general type, and are typified by palladous dichlorodiammine, Pd (NH;),Cl,.
Numerous amines yield complexes with palladous chloride but generally the
product is yellow colored; thus, aniline® and p-nitroaniline ¢ give yellow com-
plexes with palladous chloride. In contrast, the palladium complexes of the
above nitrosoamines are purplish-brown, dark-brown and bright red in color.
Diethylaniline, dimethylaniline, g-aminophenol, p-chloroaniline and p-phenylene-
diamine do not give highly colored complexes with palladium salts. This appears-3¥
to indicate that the nitroso group must be present to form highly colored com- g
plexes, and that the $-NO—CsH,—N= group is responsible for the character-
istic reaction with palladium salts. The presence of the nitroso group is also. @H
responsible for more selective reactions for paliadium. Thus diphenylamine and 2%
its amino or hydroxyl derivatives give highly colored reactions with numerous .54
oxidizing agents, while the nitroso derivative reacts only with strong oxidizing 3§

! agents. Similarly p-aminodiethylaniline reacts with weaker oxidizing agents than . i
} P SRR 11114 - ; does p-nitrosodiethylaniline. )

e

[P

1. S.C. Ogburn, J. Am. Chem. Soc. 48. 2493 (1926).

2. J. H. Yoe and L. G. Overholser, J. Am. Chem. Soc. 61, 2058 (1939).
3. A. Gutbier and A. Krell, Ber, 39, 1292 (1906).

4. A. Gutbier and C. Feliner, Z: anorg. Chem. 95, 129 (1921),

p-NITROSOANILINE

Synonym: p-Quinoneimideoxime-
CeHON, " Mol. Wt. 122.12 Beil, Ref, VII, 625.
! Hil NO—C¢H—NH,

Use: Detection and determination of palladium.

p-Nitrosoaniline crystallizes as steel-blue needles. It melts at 173-174°C. It
{ b - dissolves readily in water with a formation of a green solution.

Preparation: Mix 1 part of nitrosophenol with 5 parts of ammonium
chloride and 10 parts of dry ammonium acetate and digest the mass on a water-

, I bath for one-half hour with the addition of a little ammonium carbonate. The .
: ’ i mixture turns dark green and dark green crystals of p-nitrosoaniline separate on
mixing with cold water. Extract the weakly ammoniacal solution with ether
to recover more of the compound. To purify, dissolve in hot benzene, heat
with animal charcoal, filter, cool and concentrate by evaporating until crystals
appear.!

404
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-Yoe 8 reports that. this method has been found to be valuclcss, and he d
not rccommcnd it-for the determination of perchlorates.

1, A Baeyer and H. Caro, Bcr 7, 810, 963 (1874) ’ :
. 2, L(C:g“Oz;'crhols:r and J. H. Yo¢, 7. dm. Chem Soc, 63, 3224-29 (1941); C.4. 36, 363' 1
. 3. "L. G. Overholser and J. H. Yoe, Va, I Sc1 l 162 7 (1940)
"4, W. H.J. Vemon and L. Whltby, J. Soc. Chem Ind. 47 255-8T (1928); C_A 22,
4407 (1928).
5; A. Monnier, Arch. sci. phys. nat. 42, 210 (1916).
. J.B. Yoe, Photometric Chemical Analy.ru, Vol. I, p. 164, John Wiley, New York.

QHNITROSODIPHENYLAMINE Synonym: Phcnylamino-p-nitrosvobenzcné ;

CiHiON; . Mol. Wt 19822 Beil. Ref. XII, 207(294),
CeHs—NH—CgHNO '

Use Detectxon and determmatlon of palladium. . !

p-Nltrosodiphenylamme is obtamed as a green crystallme solid from benzene,
It {nelts at 143° C. It is easily soluble in-alcohol, ether and chloroform.

Preparation: Mix 30 g. of aniline, 30 g. of nitrobenzene and 120 g. of finely’
powdered, completely dry sodium hydroxide in a flask and heat in an oil-bath
to 110-120° C. Stir frequently, After a short time the mixture is transformed
into a.thin liquid. If the temperature rises to 120-125° C. the liquid becomes

darker and thicker. When the mass has solidified, the reaction is complete. Cool. Jik

and dissolve in about 1 liter of hot watér. Warm the mixture on a water-bath 7§

and allow to cool in an ice mixture until the base and azobenzene are crystallized. - 328
Filter with suction and -wash several times-with water to remove the alkali. "%
‘Treat the strongly alkaline liquid with carbon dioxide and after about 2 hours Zg¥
filter off the bluish-black needles which- separate. Treat the filtrate an addi-
tional 2 hours with carbon dioxide and collect a second crop of crystals. Add
these to the first, and then punfy by crystalhzmg from alcohol.?

Detection and determmatmn of pailadium. p-N ltrosodxphenylammc re-
acts with palladous chloride in a neutral or shghtly acid solution to form either
‘a deep red sclution.or a’ purplish-brown precipitate. As little' as 0.005y of
palladium can be’detected with this reagent by means of a spot plate test. The
only other metallic ions which form colored compounds with this reagent are -
silver and gold, but the reactions. with these metals are much less sensitive.
Oxidizing agerits interfere with the reaction, and cyamdes and jodides prevent
the formation of the colored compound. Precipitation is quarititative if an excess
‘of the reagent is added to a slightly acid. solution of a- pa.lladous salt. The
compound appears to be Pd[CgHsNHCJ‘LNO] oCla 24
" Small quantities of palladium may be determined colorimetrically by means
of the color which appears when sohitions of palladous salts are treated with
spenitrosodiphenylamine. p-Nitrosodiphenylamine appears to be superior to p-ni-
trosodimethylaniline for the palladium determination,. since -with the former.z
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higher concentration of iron, copper and gold is permissible, The reagent cannot
be tised in solutions containing high concentrations of neutral salts, since, “fof
example, the determination fails if the concentration of sodium chlaride exceeds
0.03 M. The following procedure may be used for the colorimetric determina-

~ tion of palladium in the presence of gold:®

" TReagents. p-Nitrosodiphenylamine reagent: Dissolve 50 mg of p-nitrosadi-
phenylamine in 500 ml. of 95 per cent ethyl alcoho! and dilute to. 1 liter, e

Buffer solution: Add 240 ml. of 1 N hydrochloric acid to 200 ml. of 1 N
sodium acetate solution and dilute to 1 liter. R v

Procedure. Add sufficient hydrochloric acid to 15 ml or less of the pal-
fadium solution to make the concenttation of the acid about 10 per cent. Transfer
%0 a small separatory funnel, 2dd-10 ml, of ethyl acetate or ethyl ether, shake,
and drain off the acid solution. This treatment serves to remové thost of. the
gold, which remains.in the upper layer. .Shake the ethyl acetate or ether layer
with a little 10 per cent hydrochloric acid and again separate. If necessary
repeat the treatment with ethyl acetate or ether; Evaporate the aqueous sotution
just to dryness, take up in a little hydrochiloric acid and again evaporate nearly
to dryness. Dissolve the residue in a little water, add 25 ml. of the buffer solu-
tion and 2 ml. of the reagent solution, and dilute to 100 ml. with water. Let
stand 30 ‘minutes and compare- the resulting color with that obtained similarly
with solutions containing known quantities of palladium, which should range
from 0.5 to 50y. o : T

Since silver interferes with the determination of palladous’ chléﬁde,.paliédéué

nitrate. is determined in the presence of .a.nitric acid-sodium acetate buffer
of pH 1.2 E

Reagent, Dissolve 25 mg. of $-nitrosodiphenylamine in 50 ml. of ethyl al'~

cohol and dilute to 100 ml. with water. Filter if any of the solid remains
undissolved. '

. . Procedure. Pipet 25 ml. of 2 sodium acetate-nitric acid buffer of pH 1.2

into a 100-ml. volumetric flask. Add the palladous nitrate solution,-and 2 ml.
of p-nitrosodiphenylamine reagent, and then dilute to the mark with water. Mix.
thoroughly and atlow to-stand for 20-30 minutes before:making -the color. com~
patison. The color develops in about 30 minutes and is stable for 1-2 hours.
"§. A.Wohl, Ber. 36, 4135-(1903). "

Y 1 G Overbolser ‘and J. H. Yoe, J. dm. Chem, Soc. 63, 3224-29 (1941); C.A, 36
363 (1942). ' Lo t

7691 (1939). - : . <
4. L.G. Overholserand J. H. Yoe, Va. J. S4i. 1, 162-7 (1940).

1. H. Yoe snd 1. G. Overholser, J. dm. Chem. Soc. 61, 2058-63 (1939) ; c.d:3, -

«NITROSO-3-NAPHTHYLAMINE
C{_oHaONa ’ MOL Wt. 172.18 ) )
CioHo(NOYNH; 2 CioHo(=NH)=NOH

Use: Determination of cobalt, copper and nickel.
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Briefs and Other Related Documents
Only the Westlaw citation is currently available.
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Counterclaim-Plaintiffs,

v.

Abbott LABORATORIES, an Illinois corporation,
Fournier Industrie et Santé, a French corporation, and
Laboratories Fournier S.A., a French corporation,
Counterclaim-Defendants.

Abbott LABORATORIES, an Illinois corporation,
Fournier Industrie et Sante, a French corporation, and
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corporation, Defendant.
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Mary B. Graham, Morris, Nichols, Arsht & Tunnell,
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Laboratories. William F. Cavanaugh. Jr., Eugene M.
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of counsel.
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Fournier Industrie et Santé, and Laboratories Foumier
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Richard K. Herrmann, and Mary B. Materrer, Morris,
James, Hitchens & Williams LLP, Wilmington,
Delaware, for defendant Impax Laboratories, Inc.
Philip J. McCabe, Kenyon & Kenyon, San Jose,
California, C. Kyle Musgrove, Kenyon & Kenyon,
Washington, District of Columbia, John C. Vetter,
Kenyon & Kenyon, New York, NY, of counsel.

MEMORANDUM OPINION
JORDAN, J.
1. INTRODUCTION

*1 This is a patent infringement case. Presently before
me are the parties' requests for construction of the
disputed claim language of U.S. Patent No. 6,074.670
issued June 13, 2000) (the “ '670 patent™), U.S. Patent
No. 6,589.552 B2 (issued July 8, 2003) (the * '552
patent”), U.S. Patent No. 6.277.405 Bl (issued Aug.
21, 2001) (the “ '405 patent™), and U.S. Patent No.
6,652,881 B2 (issued Nov. 25, 2003) (the * '881
patent™), pursuant to Markman v. Westview
Instruments, Inc., 52 F.3d 967 (Fed.Cir.1995) (en
banc), aff'd, 517 U.S. 370, 116 S.Ct. 1384 134
L.Ed.2d 577 (1996). The construction of the disputed
claim language of the patents listed above applies to
two cases that have been consolidated for all pretrial
issues. L (See Docket Item [“D.1.”] 87, 91, C.A. No.
02-1512-KAJ; D.I 31, C.A. No. 03-120-KAJ.) The
plaintiffs in both cases are Abbott Laboratories,
Fournier Industrie et Santé, and Laboratoires Fournier
S.A. 22 (collectively, “Abbott”). The defendants in
C.A. No. 02-1512-KAJ are Teva Pharmaceuticals
USA, Inc. and Teva Pharmaceutical Industries
Limited (collectively, “Teva™). The defendant in C.A.
No. 03-120-KAJ is Impax Laboratories, Inc.
(“Impax’). The parties have fully briefed and argued
their positions. Jurisdiction is proper under 28 U.S.C.

§ 1338.

FNI1. Because this opinion addresses two
cases, each containing its own pleadings,
citations will be designated by case number
as well as docket item number.

FN2. Foumnier Industrie et Santé and
Laboratoires Fournier S.A. are collectively
referred to as “Fournier.”
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II. BACKGROUND

A. Procedural Background

Abbott filed a complaint for patent infringement under
35 U.S.C. § 271(e}(2) ™ against Teva on October 4,
2002, after Teva submitted an abbreviated new drug
application (“ANDA”) under 21 U.S.C. § 355(j) prior
to the expiration of the patents-in-suit. (D.I.1, C.A. No.
02-1512-KAlJ). Teva's ANDA sought approval to sell
fenofibrate tablets in 54mg and 160mg dosages. (ld.)
Teva filed an answer on November 15, 2002 and
asserted patent counterclaims for injunctive relief and
declaratory judgment of non-infringement of the
patents-in-suit, invalidity of the patents-in-suit, and
unenforceability of “at least the '726 patent” (D.1. 20 at
Y 72, C.A. No. 02-1512-KAJ), and antitrust
counterclaims for “declaratory judgment and
injunctive relief based on [Abbott's] threatened
unlawful exclusion of Teva from competition in the
manufacture, marketing, and sale of TRICOR®
tablets, a cholesterol-lowering drug containing the
active pharmaceutical ingredient, fenofibrate, and
their generic bioequivalents” ™ (id at ] 73). Abbott
filed a reply to Teva's counterclaims, denying that the
patents at issue are not infringed, invalid, or
unenforceable. (DI. 39 at at § 72, C.A. No.
02-1512-KAJ.) Abbott and Teva are scheduled to try
this case beginning on June 20, 2005. (D.I. 91 at 7,
C.A.No. 02-1512-KAJ.)

FN3. 35 U.S.C. § 271(e)(2) states in relevant
part: “It shall be an act of infringement to
submit-(A) an application under section
505() of the Federal Food, Drug, and
Cosmetic Act ... for a drug claimed in a
patent or the use of which is claimed in a
patent....” Section 505(j) of the Federal Food,
Drug, and Cosmetic Act corresponds to 21

U.S.C. § 355().

FN4. By stipulation, Teva's antitrust
counterclains were dismissed without
prejudice on January 31, 2003. (D.1.38.)

Abbott filed a complaint for patent infringement under
35 US.C. § 271(e)2) against Impax on January 23,
2003, after Impax submitted an abbreviated new drug
application (“ANDA”) under 21 U.S.C. § 355(j) prior
to the expiration of the patents-in-suit. (D.1.1, C.A. No.
03-120-KAJ.) Impax's ANDA also sought approval to
sell fenofibrate tablets in 54mg and 160mg dosages.
(Id.; D.I. 172 at 3.) Impax filed an answer on March 10,
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2003 and asserted a counterclaim for declaratory
judgment that the patents-in-suit are invalid,
unenforceable and not infringed. (D.1. 9 at§ 13, C.A.
No. 03-120-KAJ.) Abbott filed a reply to Impax's
counterclaim, denying that the patents at issue are not
infringed, invalid, or unenforceable. (D.I. 12 at § 13,
C.A. No. 03-120-KAJ.) Abbott and Impax are
scheduled to try this case beginning on June 6, 2005.
(D.I. 53 at 7, C.A. No. 03-120-KAlJ.)

B. The Disclosed Technology

1. The State of the Art

*2 Fenofibrate is a pharmaceutical substance that has

long been used for treating certain types of cholesterol

problems in adults. (D.I. 237 at 1, C.A. 02-1512-KAl.)

Specifically, it lowers triglyceride (fat-like substances)
and LDL cholesterol levels in the blood and increases

HDL cholesterol levels. ™2 (Plaintiffs Markman

Presentation at 2.) Fenofibrate has also “proven

effective in reducing a person's risk of heart disease.”

(Id)) To be therapeutically effective, fenofibrate must
dissolve in a patient's stomach. (/d at 3.) Dissolved
fenofibrate is “converted by the body into fenofibric
acid,” which can then enter the patient's blood stream.

(Plaintiff's Markman Presentation at 3.) The major
drawback in its usefulness in treating patients is that it
has poor hydrosolubility, meaning it does not dissolve
easily in water, which makes up the majority of
digestive juices in the stomach. (D.I. 237 at 1, C.A.

02-1512-KAJ; Plaintiff's Markman Presentation at 4.)
Because of this drawback, “only a small percentage of
fenofibrate in [prior art] fenofibrate compositions
would be absorbed by the body and find its way into
the patient's blood stream.” (D.I. 237 at 1-2, C.A.
02-1512-KAl.)

FN5. LDL cholesterol is commonly referred
to as unhealthy or “bad cholesterol,” whereas
HDL cholesterol is referred to as healthy or
“good cholesterol.” Plaintiff's Markman
Presentation at 2.)

2. The Stamm Patents

The four patents-in-suit, the '405, '552, '670, and '881
patents (collectively, “the Stamm patents”) are related
to each other and all have the same inventors Andre
Stamm and Pawan Seth. (DJ. 237 at 2, C.A.
02-1512-KAJ.) The Stamm patents are owned by
assignment by Fournier and exclusively licensed in
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the United States to Abbott. (D .I. 1 at §§ 7-8, C.A.
02-1512-KAJ.) The '405,'552, and '881 patents issued
as a series of continuations from the same parent
application, which itself issued as the '670 patent. (I1d.)
The Stamm patents claim priority to French patent
application FR 97 00479 (filed January 17, 1997), and
all have the same specification. (/d ; D.I. 223 at 3, C.A.
02-1512-KAJ.) Because of this commonality, they
also have many of the same claim terms.

The inventions claimed in the Stamm patents relate to
a “novel pharmaceutical composition having high
bioavailability through improved dissolution, and a
method for preparing it.” (See, e.g, '881 patent,
Background of the Invention, col. 1 Il. 20-22.) In
general, this “novel pharmaceutical composition™ is
described as “an immediate - release fenofibrate
composition.” (‘881 patent, col. 3 1. 38-39.) More
specifically, the '670 and '552 patents are directed to
fenofibrate compositions with particular ingredients
that are described in the claims (see, e.g., '670 patent,
col. 9 1. 48-60; '552 patent, col. 9 1. 66-col. 10 1. 4),
whereas the '405 and '881 patents are generally
directed to fenofibrate compositions with particular
dissolution characteristics (e.g., dissolution rates at
particular time intervals) that are described in the
claims (see, e.g., 405 patent, col. 10 1l. 29-36; '881
patent, col. 10 11. 44-65).

IT1. APPLICABLE LAW

*3 Patent claims are construed as a matter of law.
Markman, 52 F.3d at 979. A court's objective is to
determine the ordinary and customary meaning, if any,
that those of skill in the art would apply to the
language used in the patent claims. Waner v. Ford
Motor Co., 331 F.3d 851, 854 (Fed.Cir.2003) (citing
Rexnord Corp. v. Laitram Corp., 274 F.3d 1336, 1342
(Fed.Cir.2001)). In this regard, pertinent art
dictionaries, treatises, and encyclopedias may assist a
court. Texas Digital Sys., Inc. v. Telegenix, Inc., 308
F.3d 1193, 1202-03 (Fed.Cir.2002). The intrinsic
record, however, is the best source of the meaning of
claim language. Vitronics Corp. v. Conceptronic, Inc.,
90 F.3d 1576, 1582 (Fed.Cir.1996). Therefore, patent
claims are properly construed only after an
examination of the claims, the specification, and, if in
evidence, the prosecution history of the patent. Amgen,
Inc_v. Hoechst Marion Roussel, Inc., 314 F.3d 1313,
1324 (Fed.Cir.2003) (citing Vitronics, 90 F.3d at

1582).

The intrinsic record is also of prime importance when
claim language has no ordinary meaning in the
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pertinent art, see Bell Atl. Network Servs., Inc. v.
Covad Communications Group, Inc., 262 F.3d 1258,
1269-70 (Fed.Cir.2001) (determining that claim
language could only be construed with reference to the
written description) (citation omitted), and where
claim language has multiple potentiaily applicable
meanings, Texas Digital, Inc., 308 F.3d at 1203.

If patent claim language has an ordinary and
accustomed meaning in the art, there is a heavy
presumption that the inventor intended that meaning
to apply. Bell Atl. Network Servs., Inc., 262 F.3d at
1268 (citing Johnson Worldwide Assocs., Inc. v.
Zebco Corp., 175 F.3d 9835, 989 (Fed.Cir.1999)). Thus,
unless the inventor has manifested an express intent to
depart from that meaning, the ordinary meaning
applies. Teleflex, Inc. v. Ficosa N. Am. Corp., 299
F.3d 1313, 1325 (Fed.Cir.2002) (citation omitted).

To overcome that presumption, an accused infringer
may demonstrate that “a different meaning is clearly
set forth in the specification or ... the accustomed
meaning would deprive the claim of clarity.” N.
Telecom Ltd. v. Samsung Elecs. Co., Ltd, 215 F.3d
1281, 1287 (Fed.Cir.2000). However, the presumption
may not be rebutted “simply by pointing to the
preferred embodiment....” Teleflex, Inc., 299 F.3d at
1327. It may be rebutted, though, where “the
patentee deviate[d] from the ordinary and
accustomed meaning ... by redefining the term or by
characterizing the invention in the intrinsic record
using words or expressions of manifest exclusion or
restriction, representing a clear disavowal of claim
scope.” Id.

If claim language remains unclear after review of the
intrinsic record, a court “may look to extrinsic
evidence to help resolve the lack of clarity.”
Interactive Gift Express, Inc. v. Compuserve Inc., 256
F.3d 1323, 1332 (Fed.Cir.2001). The use of extrinsic
evidence in the claim construction process, however,
is “proper only when the claim language remains
genuinely ambiguous after consideration of the
intrinsic evidence.” Id. (citation omitted). A court may
not use exirinsic evidence to contradict the import of
the intrinsic record, and if the intrinsic record is
unambiguous, extrinsic evidence is entitled to no

weight. Bell & Howell Document Mgmt. Prods. Co. v.
Altek Sys., 132 F.3d 701, 706 (Fed.Cir.1997).

IV. CLAIM CONSTRUCTION

*4 Abbott alleges that Teva infringes claims of each of
the Stamm patents, including: claims 1-3, 5, 7, 9, 15,
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19, and 35 of the '670 patent; claims 1-12, 15-22, 25,
27, and 56-57 of the '552 patent; claims 6 and 9 of the
'405 patent; and claims 5, 10, 19, 26, 31, and 41 of the
'881 patent. (D.I. 223 at 4, C.A. 02-1512-KAJ.) Abbott
further alleges that Impax infringes claims of three ¢
of the Stamm patents, including: claims 1-8, 11, 25, 27,
and 56 of the '552 patent; claims 6 and 9 of the '405
patent; and claims 5, 10, 14, 19, 26, 31, and 41 of the
'881 patent. (D.I. 169 at 1, C.A. 03-120-KAJ.)
Because the parties have agreed that the disputed
claim terms have the same meaning in each of the
asserted claims of the Stamm patents, I will construe
each term only once and will provide as a reference, a
claim which represents how such term is used in the
patents. (D.I. 297 at 32:25-33:10, transcript of
Markman hearing, Feb. 28, 2005.)

ENG6. Initially, Abbott alleged that Impax
infringed claims of the '670 patent, but
Abbott has since agreed not to assert the 670
patent against Impax in this litigation. (D.L
297 at 28:11-14, transcript of Markman
hearing, Feb. 28, 2005.)

A. “inert hydrosoluble carrier”

Claim 1 of the '670 patent, which is representative of
the use of this term in the Stamm patents, is as follows:
An immediate-release fenofibrate composition
comprising:

(a) an inert hydrosoluble carrier covered with at least
one layer containing fenofibrate in a micronized form
having a size less than 20 m, a hydrophilic polymer
and a surfactant; and

(b) optionally one or several outer phase(s) or layer(s),
wherein, based on the weight of (a), said inert
hydrosoluble carrier makes up from 20 to 50% by
weight, said fenofibrate makes up from 20 to 45% by
weight, said hydrophilic polymer makes up from 20 to
45% by weight, and said surfactant makes up from 0.1
to 3% by weight.

('670 patent, col. 9 1. 48-60 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott argues that the specification explicitly defines
this claim term as follows: “In the framework of this
invention, the expression ‘inert hydrosoluble carrier’
means any excipient, generally hydrophilic,
pharmaceutically inert, crystalline or amorphous, in a
particulate form, not leading to a chemical reaction
under the operating conditions employed, and which is
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soluble in an aqueous medium, notably in a gastric
acid medium.” (D.I. 237 at 6, C.A. 02-1512-KAJ; '670
patent, col. 4 11. 3-9.) Based on that language, Abbott
asserts that “the patentees acted as their own
lexicographer [s] by expressly defining the term in the
patent specification and by using their definition in a
consistent way throughout the patent.” (D.L. 237 at 6,
C.A. 02-1512-KAJ.) Abbott therefore proposes that I
construe “inert hydrosoluble carrier” in accordance
with the definition stated in the specification (D.1. 238
at 1, C.A. 02-1512-KAJ; DI 167 at 1, C.A.
03-120-KAJ), because “under well-settled law, this
express definition ‘controls' the meaning of the claim
term” (D.I. 237 at 6, C.A. 02-1512-KAJ).

Teva proposes that I construe “an inert hydrosoluble
carrier” to mean “any excipient, generally hydrophilic,
pharmaceutically inert, crystalline or amorphous, in a
particulate form, not leading to a chemical reaction
under the operating conditions employed, which is
soluble in an aqueous medium, notable in a gastric
acid medium, and which functions as a support for
particles of micronized fenofibrate and polymer.” (D.I.
238 at 1-2, C.A. 02-1512-KAl.) Teva asserts that the
addition of the phrase “and which functions as a
support for particles of micronized fenofibrate and
polymer” is necessary because “[t]he inert
hydrosoluble carrier is a specific material that carries
or supports particles of micronized fenofibrate that
adhere to the surface of the carrier,” and, as such, the
meaning of the term should include this functional
description in addition to the definition provided in the

- specification of the Stamm patents. (D.I. 223 at 29-30,

C.A. 02-1512-KAJ.) In support, Teva cites several
Federal Circuit decisions in which the Court construed
disputed claim language to include functional
characteristics. ¥

EN7. In support of its argument, Teva cites
Astrazeneca AB, Aktiebolaget Hassle, KBI-E,
Inc. v. Mutual Pharm. Co., Inc, 384 F.3d
1333, 1338-39 (Fed.Cir.2004), 4lloc, Inc. v.
Int'l Trade Comm’'n, 342 F.3d 1361, 1371-72
(Fed.Cir.2003), Networld LLC v. Centraal
Corp., 242 F.3d 1347, 1352 (Fed.Cir.2001),

~and Pall Corp. v. Micron Separations, Inc.,
66 F.3d 1211, 1216-17 (Fed.Cir.1993). (D.L
268 at 12, C.A. 02-1512-KAJ.)

*5 Impax proposes that I construe “an inert
hydrosoluble carrier” in essentially the same way,
with this slightly different wording: “an excipient,
generally hydrophilic, pharmaceutically inert,
crystalline or amorphous, in a particulate form, not
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leading to a chemical reaction under the operating
conditions employed, which is soluble in an aqueous
medium, notably in a gastric acid medium, and having
material coated or layered onto the excipient, which
acts as a support.” (D.I. 167 at 1, C.A. 03-120-KAl.)
Impax asserts that Abbott's proposed construction
“fails to account for the meaning of the term
‘carrier,’ ... [which] must be construed to require that
the excipient ... have material coated or layered onto
it ... [because] it is acting as the support for the
material.” (D.I. 169 at 11, C.A. 03-120-KAJ.)

2. The Court's Construction

“[PJatent law permits the patentee to choose to be his
or her own lexicographer by clearly setting forth an
explicit definition for a claim term that could differ in
scope from that which would be afforded by its
ordinary meaning.” Rexnord Corp. v. Laitram Corp.,
274 F.3d 1336, 1342 (Fed.Cir.2001). A patentee acts
as his own lexicographer where he “clearly set [s]
forth a definition of the disputed claim term in the
specification.” Sunrace Roots Enter. Co. v. SRAM
Corp., 336 F.3d 1298, 1304 (Fed.Cir.2003). In so
doing, “the specification must have sufficient clarity
to put one reasonably skilled in the art on notice that
the inventor intended to redefine the claim term.”
Merck & Co., Inc. v. Teva Pharms. USA, Inc., 395
F.3d 1364, 1370 (Fed.Cir.2005) (internal citations
omitted).

The patentees here acted as their own lexicographers
in defining the meaning of the term “inert
hydrosoluble carrier.” The specification clearly states,
“[liln the context of this invention, the expression
“inert hydrosoluble carrier’ means ... ™2 (‘670 patent,
col. 4 1. 3-5)) I cannot imagine a clearer way of
expressing the intention that a particular term be given
a particular meaning. Abbott proposes that such
meaning defines the term in its entirety, whereas Teva
and Impax argue that the meaning is incomplete
because it does not describe the function of the carrier
as a support. (D.1. 237 at 6, C.A. 02-1512-KAJ; D.I.
223 at 29-30, C.A. 02-1512-KAJ; D.I. 169 at 11, C.A.
03-120-KAJ.) In acting as their own lexicographers,
the patentees identified “inert hydrosoluble carrier”
as the term they intended to define. ('670 patent, col. 4.
I 3-4 (emphasis added).) Thus, the definition
explicitly identified in the specification, was intended
to include the term “carrier,” and, as such, it does not
require its own indegendent construction based on its
intended function. ™ Therefore, I construe “inert
hydrosoluble carrier” to mean “any excipient,
generally  hydrophilic, pharmaceutically inert,

Page 5

crystalline or amorphous, in a particulate form, not
leading to a chemical reaction under the operating
conditions employed, and which is soluble in an
aqueous medium, notably in a gastric acid medium.”

FN8. Because each of the Stamm patents has
the same written description, citations are
directed to the patent specification containing
the specific claim chosen to represent the
context of the disputed claim term at issue.

EN9. In support of its argument, Teva cites
Astrazeneca AB, Aktiebolaget Hassle, KBI-E,
Inc. v. Mutual Pharm. Co., Inc., where the
Federal Circuit held that the patentee had
acted as his own lexicographer because the
specification stated that “[tlhe solubilizers
suitable according to the invention are
defined below” and then stated that “[t]he
solubilizers suitable for the preparations
according to the invention are semi-solid or
liquid non-ionic surface active agents....”
Astrazeneca, 384 F.3d 1333, 1339
(Fed.Cir.2004). Based on this disclosure in
the specification, the Court determined that
the term “solubilizer” was intentionally
limited to “surfactants.” Id. at 1339-40. Thus,
if anything, this case supports Abbott's
argument that the patentees acted as their
own lexicographers in defining the term
“inert hydrosoluble carrier,” as expressed in
the specification. In Alloc, Inc. v
International Trade Commission, 342 F.3d
1361, 1371-72 (Fed.Cir.2003), Networld
LLCv. Centraal Corp., 242 F.3d 1347, 1352
(Fed.Cir.2001), and Pall Corp. v. Micron
Separations, Inc., 66 F.3d 1211, 1216-17
(Fed.Cir.1995), also cited by Teva, the
patentee had not acted as his own
lexicographer by explicitly defining a claim
term. Those cases therefore do not support
the particular arguments asserted by Teva
and Impax, that the explicit definition
provided by the patentee is somehow
deficient because it does not encompass the
full meaning of the term as used in the
patents, and, therefore, the court should alter
the definition provided.

B. “hydrosoluble carrier”

*6 Claim 1 of the '405 patent, which is representative
of the use of this term in the Stamm patents, is as
follows:

© 2006 Thomson/West. No Claim to Orig. U.S. Govt. Works.



Slip Copy
Slip Copy, 2005 WL 1026746 (D.Del.)
(Cite as: Slip Copy)

A composition comprising a hydrosoluble carrier and
micronized fenofibrate having a dissolution of at least
10% in 5 minutes, 20% in 10 minutes, 50% in 20
minutes and 75% in 30 minutes, as measured using the
rotating blade method at 75 rpm according to the
European Pharmacopoeia, in a dissolution medium
constituted by water with 2% by weight polysorbate
80 or with 0.025M sodium lauryl sulfate.

('405 patent, col. 10 1L 29-36 (emphasis added).)

1. The Parties' Proposed Constructions

The parties propose the same meanings for the term
“hydrosoluble carrier” as they did for “inert
hydrosoluble carrier,” except without it being
“pharmaceutically inert.” (See D.I. 238 at 4, C.A.
02-1512-KAJ; D.I. 167 at 3, C.A. 03-120-KAlJ.) Thus,
Abbott proposes that I construe “hydrosoluble carrier”
to mean “any excipient, generally hydrophilic,
crystalline or amorphous, in a particulate form, and
which is soluble in an aqueous medium, notably in a
gastric acid medium.” (D.I. 238 at 4, C.A.
02-1512-KAJ.) Teva and Impax have not specifically
set out their proposed meanings for this term, but I
understand that their proposals would contain the
same functional descriptions following the meaning
proposed by Abbott. (See D.I. 238 at 4, C.A.
02-1512-KAJ; D.I. 167 at 3, C.A. 03-120-KAJ.)

2. The Court's Construction

Based on my construction of “inert hydrosoluble
carrier,” supra Part IV.A.2., and for the same reasons
expressed therein, I construe “hydrosoluble carrier” to
mean “any excipient, generally hydrophilic,
crystalline or amorphous, in a particulate form, and
which is soluble in an aqueous medium, notably in a
gastric acid medium.”

C. “hydrophilic polymer”

Claim 1 of the '670 patent, which is representative of
the use of this term in the Stamm patents, is as follows:
An immediate-release  fenofibrate composition
comprising:

(a) an inert hydrosoluble carrier covered with at least
one layer containing fenofibrate in a micronized form
having a size less than 20 m, a hydrophilic polymer
and a surfactant; and

(b) optionally one or several outer phase(s) or layer(s),
wherein, based on the weight of (a), said inert
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“hydrosoluble carrier makes up from 20 to 50% by

weight, said fenofibrate makes up from 20 to 45% by
weight, said hydrophilic polymer makes up from 20 to
45% by weight, and said surfactant makes up from 0.1
to 3% by weight.

('670 patent, col. 9 1. 48-60 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott proposes that I construe the term “hydrophilic
polymer” to mean “any high molecular weight
compound of repeating molecular units having an
affinity towards water.” (D.I. 238 at 5, C.A.
02-1512-KAJ; D.I. 167 at 4, C.A. 03-120-KAJ.)
Abbott asserts that its proposed construction is
consistent with the ordinary and customary meaning
of the term. (D.1. 237 at 8, C.A. 02-1512-KAl.) Teva
and Impax each propose that I construe “hydrophilic
polymer” to mean “any high molecular weight
substance (greater, for example, than 300) having
sufficient affinity towards water to dissolve therein
and form a gel.” (D.I. 238 at 5, C.A. 02-1512-KAJ; D.I.
167 at 4, C.A. 03-120-KAJ.) Teva and Impax allege
that the patentees acted as their own lexicographers
because the specification clearly defines this term
when it states, “[tlhe expression ‘hydrophilic
polymer’ in the invention should be taken to mean any
high molecular weight substance (greater, for example,
than 300) having sufficient affinity towards water to
dissolve therein and form a gel.” ('670 patent, col. 4 11.
14-17; see D.1. 238 at 5, C.A. 02-1512-KAJ; D .I. 268
at 11, C.A. 02-1512-KAJ; D.I. 167 at 4, C.A.
03-120-KAl.)

*7 Abbott asserts that the construction proposed by
Teva and Impax rests on a selective reading of the
specification and is at odds with a passage in the
specification which states “[d]epending on polymer
solubility, [the hydrophilic polymer] either dissolves
in the solution or forms a gel or a suspension having
varying degrees of thickness.” (D.I. 270 at 13, C.A.
02-1512-KAJ; '670 patent, col. 6 1l. 25-27 (emphasis
added).) Abbott argues that the definition provided in
the specification is inconsistent with the usage of the
term in the passage just quoted, because the definition
requires that the hydrophilic polymer both dissolve in
water and form a gel. (D.I. 270 at 12-13, C.A.
02-1512-KAlJ.) Because of this alleged inconsistency,
Abbott argues that the term should be construed
according to its ordinary meaning. (/d.)

Teva and Impax assert that Abbott's alleged
inconsistency is not an actual inconsistency at all.
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They argue that the sentence quoted by Abbott is
consistent with the specification's definition of
“hydrophilic polymer” because it states that the
hydrophilic polymer can either dissolve or form a gel
or a suspension “in the solution,” which is a
suspension of the active ingredient in a solvent, where
the solvent can be aqueous or organic. (D.I. 268 at
10-11, C.A. 02-1512-KAJ; D.I. 205 at 10, C.A.
03-120-KAJ.) Thus, Teva and Impax argue that
because PVP, the identified hydrophilic polymer, is
known to be soluble in water, but insoluble in many
organic solvents, such as hydrocarbons or mineral oil,
the term “hydrophilic polymer” is used consistently
throughout the specification. (Jd) Therefore, they
assert that “hydrophilic polymer” should be construed
as explicitly defined in the specification and Abbott's
proposed construction should be rejected. (/d.)

2. The Court's Construction

For the same reasons expressed supra Part IV.A.2., 1
find that the patentees acted as their own
lexicographers and specifically defined “hydrophilic
polymer” in the specification to mean “any high
molecular weight substance (greater, for example,
than 300) having sufficient affinity towards water to
dissolve therein and form a gel.” Furthermore,
because I find that the specification uses this term
consistently, I agree with Teva and Impax that the
presumption, stating that a term should be construed
according to its ordinary meaning, is overcome.

First, the specification clearly and explicitly defines
the term “hydrophilic polymer,” when it states “[t]he
expression ‘hydrophilic polymer’ in the invention
should be taken to mean ... ('670 patent, col. 4 1L
14-15.) Second, the portion of the specification
identified by Abbott, discussing polymer solubility,
does not establish an inconsistency with regard to how
the patentees used this term in the patent. This
paragraph states in its entirety:

The significant starting product is the suspension of
the active ingredient. This suspension is prepared by
putting the micronized active ingredient into
suspension in a solution comprising the hydrophilic
polymer and, optionally, a surfactant, in solution in a
solvent. If a surfactant is employed, it is put into
solution in the solvent (beaker+magnetic or vane
stirrer). Next, the hydrophilic polymer (PVP) is
dispersed, while stirring, in the solution previously
obtained. Depending on polymer solubility, this either
dissolves in the solution or forms a gel or a suspension
having varying degrees of thickness. While still
stirring, the micronized active ingredient is dispersed
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in the form of a fine shower into the above solution or
suspension, to form a homogenous suspension. The
order of these steps can be reversed. The solvent
employed can be aqueous or organic (for example
ethanol). For example demineralized water can be
used.

*8 ('670 patent, col. 6, IL. 16-32 (emphasis added).)

As noted by Abbott, this portion of the specification
states that the hydrophilic polymer “either dissolves in
the solution or forms a gel or a suspension,” but does
not both dissolve and form a gel, as the portion of the
specification defining the term requires. Counsel for
Abbott, however, was unable to articulate for the court
why the statement “[t]he solvent employed can be
aqueous or organic” does not relieve any perceived
inconsistency in the use of the term hydrophilic
polymer. (See D.I. 297 at 60:24-72:3, transcript of
Markman hearing, Feb. 28, 2005.)

It is quite clear that when the polymer either dissolves
or forms a gel or suspension, it is doing so in “the
solution.” “The solution” thus referred to is the
suspension, which consists of the micronized active
ingredient, the hydrophilic polymer, optionally a
surfactant, and a solvent. Thus, the suspension
contains a solvent. Further, the penultimate sentence
in the paragraph makes clear that the solvent can be
aqueous or organic. As noted by Teva, PVP, the
hydrophilic polymer discussed in the quoted
paragraph, “is known to be soluble in water but
insoluble in many organic solvents.” (D.1. 268 at 10,
C.A. 02-1512-KAJ.) Thus, I agree with Teva and
Impax, that if the suspension contained an aqueous
solvent, the polymer would be affected differently
than if the suspension contained an organic solvent.
Such a difference would explain why this portion of
the specification states that the hydrophilic polymer
“either dissolves in the solution or forms a gel or a
suspension,” rather than stating that the hydrophilic
polymer dissolves and forms a gel, as its definition
requires it to do in water. Thus, the specification does
not use the term “hydrophilic polymer” in a manner
inconsistent with the explicit definition provided by
the patentees acting as their own lexicographers, and,
therefore, I construe it to mean “any high molecular
weight substance (greater, for example, than 300)
having sufficient affinity towards water to dissolve
therein and form a gel.”

D. “granuate”

Claim 1 of the '552 patent, which is representative of
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the use of this term in the Stamm patents, is as follows:
A fenofribrate composition comprising granulates,
wherein the granulates comprise micronized
fenofibrate having a particle size below 20 m, inert
hydrosoluble carrier particles and at least 20% by
weight of at least one hydrophilic polymer, wherein
the weight ratio of fenofibrate to hydrophilic polymer
is from 1/10 to 4/1.

('552 patent, col. 9 I. 66-col. 10 L. 4 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott proposes that I construe the term “granulate” to
mean “a small grain or pellet, or small particles
forming a larger unit” (D.I. 238 at 6, C.A.
02-1512-KAJ; DJI. 167 at 5, C.A. 03-120-KAJ.)
Abbott argues that its proposed construction is
consistent with the ordinary and customary meaning
of “granulate.” (D.I. 237 at 11.) Teva proposes that I
construe “granulate” to mean “the carrier to which the
hydrophilic polymer and fenofibrate are adhered as
single particles or as agglomerates, forming a
coated-core structure.” (D.I. 238 at 6, C.A.
02-1512-KAJ) Impax proposes that I construe
“granulate” to mean “the product generated from a
granulation process having structures consisting of an
inert hydrosoluble carrier coated with micronized
fenofibrate and a hydrophilic polymer or (the
remnants of) some solvent for fenofibrate. (D.1. 167 at
5-6, C.A. 03-120-KAJ.) Teva and Impax each assert
that based on disclosures in the specification, the
“very character of the invention” is the coated-core
structure, and, as such, it should be a part of every
embodiment. (D.I. 223 at 35-36, C .A. 02-1512-KAJ;
D.I. 169 at 12-13, C.A. 03-120-KAJ.)

2. The Court's Construction

*9 As earlier noted, if patent claim language has an
ordinary and accustomed meaning, there is a heavy
presumption that the inventor intended that meaning
to apply. Bell Atlantic, 262 F.3d at 1268. The ordinary
meaning of “granulate,” as a verb, is “to form ... into ...
granules.” Webster's Third New International
Dictionary 989 (3d ed.1986). In the context of the
Stamm patents, however, the patentee clearly intends
to use the term “granulate” as a noun, synonymous
with “granule,” whose ordinary and plain meaning is
“one of a number of particles forming a larger unit.”
Id

Neither Teva nor Impax has presented sufficient

Page 8

evidence to demonstrate that the patentee intended
another meaning to apply. First, as noted in the
foregoing discussion, see supra Parts IV.A. and IV.C,,
when the patentees intended to give a word or phrase a
particular meaning, rather than simply relying on an
ordinary and customary meaning, they did so in
unmistakable terms. Second, Impax's proposed
construction includes structural features of the
preferred embodiment formed by the preferred
process described in the specification. Specifically,
Impax cites two statements in the specification
regarding “[tlhe composition according to the
invention,” which refer to methods of preparing the
composition. (See D.1. 169 at 13, C.A. 03-120-KAJ
(citing D.1. 170, Ex. 4 at 6:3-7; 6:43-47).) Each of
these statements, however, is part of the detailed
description of the preferred embodiment. Further,
product claims are generally not limited to the process
by which the product is made. See Vanguard Prods.
Corp. v. Parker Hannifin Corp., 234 F.3d 1370, 1372
{Fed.Cir.2000) (noting that product claims are not
generally limited to the process by which such product
is made); 3M Innovative Props. Co. v. Avery Dennison
Corp., 350 F.3d 1365, 1374 (Fed.Cir.2003)
(construing the term “embossed” as referring to an
embossed pattern without “limitfing] how the
embossed pattern, as defined in the specification, is
created”) (emphasis omitted). Third, “granulate” is a
“general descriptive term,” defined subsequently in
the claim which does not impose the limitations Teva
and Impax seek to impart. Therefore, I construe the
term “granulate,” synonymously with granule, to
mean “one of a number of particles forming a larger
unit.,”

E. “composition”

Claim 1 of the ‘670 patent, which is representative of
the use of this term in the Stamm patents, 22 js a5
follows:

FN10. I note, however, what appears to be an
inconsistency in the prosecution history of
the '405 and '881 patents. Claim 1 of the '405
patent, as originally submitted to the patent
and trademark office, and claim 1 of the '881
patent, as issued, are identical. (D .I. 170, Ex.
7 at 055, C.A. 03-120-KA), Response and
Amendment, date stamped Jan. 26, 2001;
‘881 patent, col. 10, II. 44-65.) In the
prosecution history of the '405 patent, the
examiner required, and the applicants
acquiesced in, adding the term “hydrosoluble
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carrier” to the claim in order to clearly define
the composition. (D.I. 235, Ex. 7 at 118, C.A.
02-1512-KAJ, Interview Summary dated
Mar. 21, 2001 (stating that “to clearly define
the composition ... [it] must comprise the
micronized fenofibrate and a hydrosoluble
carrier to give the claimed dissolution profile
[and that w]ithout the hydrosoluble carrier
(i.e. drug alone), the dissolution profile
would be different.”) However, in
prosecuting the ‘881 patent, a second
examiner allowed claim 1 without requiring
the addition of the “hydrosoluble carrier”
term. (‘881 patent, col. 10, II. 44-65.) This
would suggest that the term “composition,”
as used in claim 1 of the '405 patent, was
understood by at least one examiner to
include a hydrosoluble carrier. Thus, there
seems to be an inconsistency in the decisions
rendered by the two examiners, because
claim 1 of the '405 patent and claim 1 of the
'881 patent each claim the same dissolution
profile, yet the applicants were not required
to amend claim 1 of the '881 patent to include
the hydrosoluble carrier as well.

An immediate-release fenofibrate composition
comprising:

(a) an inert hydrosoluble carrier covered with at least
one layer containing fenofibrate in a micronized form
having a size less than 20 m, a hydrophilic polymer
and a surfactant; and

(b) optionally one or several outer phase(s) or layer(s),
wherein, based on the weight of (a), said inert
hydrosoluble carrier makes up from 20 to 50% by
weight, said fenofibrate makes up from 20 to 45% by
weight, said hydrophilic polymer makes up from 20 to
45% by weight, and said surfactant makes up from 0.1
to 3% by weight.

*10 ('670 patent, col. 9 II. 48-60 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott proposes that I construe the term
“composition” to mean “a combination of various
elements or ingredients.” (D.I. 238 at 8, C.A.
02-1512-KAJ; DI 167 at 6, C.A. 03-120-KAlL)
Abbott argues that this meaning comports with “its
ordinary meaning to a person of skill in the art.” (D.I.
237 at 14, C.A. 02-1512-KAJ.) Teva proposes that I
construe “composition” to mean “a fenofibrate
composition, wherein the inert carrier (as described
above) is a support for the micronized fenofibrate (as
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described below) and hydrophilic polymer (as
described above), and which can take the form of
granulates, tablets and capsules.” (D.I. 238 at §, C.A.
02-1512-KAJ.) Teva makes the same argument in
support of its proposed construction for “composition”
that it made for its proposed construction of
“granulates,” see supra Part IV.D.1., namely, that it
must be construed to cover the coated-core structure.
(D.I. 223 at 34-36.) Impax proposes that I construe
“composition” to mean “a structure wherein an inert
hydrosoluble carrier is coated with micronized
fenofibrate and a hydrophilic polymer or (the
remnants of) some solvent for fenofibrate.” (D.I. 167
at 6, C.A. 03-120-KAJ.) Impax makes the same
argument in support of its proposed construction for
“composition” as it made for its proposed construction
of “granulates,” see supra Part IV.D.1., namely, that it
must be construed to include the structural limitation
ofa coating. (D.I. 169 at 12-13, C.A. 03-120-KAJ; D.I.
205 at 11-14; C.A. 03-120-KAlJ.)

2. The Court's Construction

For the same reasons expressed in construing the term
“granulate,” see supra Part IV.D.2,, I find that the
term “composition” should be construed according to
its ordinary meaning and thus means “an aggregate,
mixture, mass, or body formed by combining two or
more elements or ingredients.” Webster's Third New
International Dictionary 466 (3d ed.1986). As seen in
claim 1 of the '670 patent, the elements which
combine to form the “composition” are specifically
identified. Thus, I agree with Abbott that
“composition,” is used “as a general descriptive term”
(D.1. 270 at 6, C.A. 02-1512-KAJ) and thus I give it
the ordinary meaning of “an aggregate, mixture, mass,
or body formed by combining two or more elements or
ingredients.”

F. “tablet”
Claim 15 of the '670 patent, which is representative of
the use of this term in the Stamm patents, is as follows:
The composition according to claim 1, under the form

of a tablet.

('670 patent, col. 10, I1. 46-47 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott proposes that [ construe the term “tablet” to
mean “an oral dosage form consisting of a small mass
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of medication.” (D.I. 238 at 7, C.A. 02-1512-KAJ; D.L

167 at 8, C.A. 03-120-KAlJ.) Teva proposes that 1
construe “tablet” to mean something “made from the
compression of granulates (as described below)
together with an outer phase.” (D.I. 238 at 7, C.A.
02-1512-KAJ.) Teva agrees that the meaning of the
term encompasses an “oral dosage form.” (D.1. 268 at
15, C.A. 02-1512-KAJ (“Solely insofar as this is
concerned, Teva does not oppose this
construction....”).) Impax proposes that I construe
“tablet” to mean “an oral dosage form made from
compressed structures wherein an inert hydrosoluble
carrier is coated with micronized fenofibrate and a
hydrophilic polymer or (the remnants of) some solvent
for fenofibrate.” (D.I. 167 at 8-9, C.A. 03-120-KAJ.)

*11 Abbott argues that the term “tablet” should be
construed according to its ordinary meaning to a
person of skill in the art, and that the term is used in a
manner consistent with its ordinary meaning. (D.1. 270
at 7, C.A. 02-1512-KAJ.)) Teva and Impax make
essentially the same arguments they made with regard
to “composition” and “granulate,” namely that the
tablets are a type of “composition” which requires the
coated-core structure. (See D.I. 268 at 15, C.A.
02-1512-KAJ; D.I. 205 at 15-16, C.A. 03-120-KAJ.)
Additionally, Teva and Impax propose that the term
should be construed to include the method by which it
is made (i.e.compression) and the elements which
comprise it (i.e., granulates with an outer phase, as
proposed by Teva, or an inert hydrosoluble coated
carrier, etc., as proposed by Impax). (See D.1. 238 at 7,
C.A. 02-1512-KAJ; DI 167 at 89, C.A.
03-120-KAJ)

2. The Court's Construction

I agree with Abbott that the term “tablet” should be
accorded its ordinary and customary meaning in the
art as “an oral dosage form consisting of a small mass
of medication.” (See Webster's Third New
International Dictionary 2325 (3d ed.1986) (defining
“tablet” as “a small mass of medicated material™).)
The term “tablet” itself should not be construed to
include a form of “compression” because subsequent
claims in the '670 patent include this limitation. For
"example, claim 19 of the '670 patent is as follows:
The composition according to claim 15 under the form
of a tablet resulting from the compression of elements
(a) together with an outer phase.

(670 patent, col. 10, II. 54-56.) Thus, claim 19
specifically claims a tablet resulting from a
compression, and also discloses the specific elements
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which comprise it. “Elements (a),” refers to the
elements listed in claim 1, which include: “an inert
hydrosoluble carrier covered with at least one layer
containing fenofibrate in a micronized form having a
size less than 20 m, a hydrophilic polymer and a
surfactant.” ('670 patent, col. 9, II. 50-53.) Thus, it
would be improper to read such limitations into claim
15, when claim 19 expressly contains those precise
limitations.

Additionally, Teva cites a portion of the specification
which states, “[t]his tablet preferably results from the
compression of elements (a) (under the form of
granules) together with an outer phase.” ('670 patent,
col. 5, 1. 23-25 (emphasis added).) As indicated by
emphasis, this disclosure is of a preferred method of
making the tablet, not necessarily the only way. Thus,
it would be inappropriate to limit the claim term
“tablet” to a preferred embodiment. Therefore, in
accordance with its customary meaning, I construe the
term “tablet” to mean “an oral dosage form consisting
of a small mass of medication.”

G. “covered”

Claim 1 of the '670 patent, which is representative of
the use of this term in the Stamm patents, is as follows:
*12 An immediate-release fenofibrate composition
comprising:

(a) an inert hydrosoiuble carrier covered with at least
one layer containing fenofibrate in a micronized form
having a size less than 20 m, a hydrophilic polymer
and a surfactant; and

(b) optionally one or several outer phase(s) or layer(s),
wherein, based on the weight of (a), said inert
hydrosoluble carrier makes up from 20 to 50% by
weight, said fenofibrate makes up from 20 to 45% by
weight, said hydrophilic polymer makes up from 20 to
45% by weight, and said surfactant makes up from 0.1
to 3% by weight.

('670 patent, col. 9 II. 48-60 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott proposes that I construe the term “covered” to
mean “appearing on or oCcup%\ijng some portion of the
surface of” (D.I. 238 at 10.) ™ Teva proposes that I
construe “covered” to mean “to lie over; spread over;
be placed on or often over the whole surface of;

envelop, film, coat.” (Id)
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FN11. Because this claim term appears only
in the context of the asserted claims of the
'670 patent, which Abbott is not asserting
against Impax, Impax has not offered a
proposed construction for this term and

therefore all citations in Part IV.G. are to C.A.

02-1512-KAl.
2. The Court's Construction

This is a situation where both parties assert that they
have proposed the ordinary meaning of the term as
understood by a person of skill in the art. (See D.I. 237
at 16; D.I. 268 at 15-16.) Each party's proposal finds
its origin in a dictionary. In fact, the same dictionary,
Webster's Third New International Dictionary 524 (3d
ed.1986), contains both definitions proposed by the
parties. Although both proposed constructions may
seem equally applicable if viewing the claim term in
isolation, it is clear when reading the claim term in the
context of the claim itself that the patentees intended
to impart the construction as proposed by Teva. The
claim language states, “covered with at least one
layer.” ('670 patent, col. 9, II. 50-51 (emphasis
added).) The addition of the word “layer” makes it
clear that the patentees did not intend for the
hydrosoluble carrier to be covered “here and there”
with micronized fenofibrate, but rather they intended
it to be “enveloped” with micronized fenofibrate, to
the extent that the micronized fenofibrate is
discernable as a “layer.” A covering “here and there”
would not be discernable as a “layer,” as that term is
used in the '670 patent. Additionally, in the Summary
of the Invention section, the specification describes
that the granules can be coated “with one or several ...
layer(s).” ('670 patent, col. 3, Il. 39-40.) Although in a
slightly different context, this disclosure indicates that
the patentees intended that the composition could have
several layers on the inert hydrosoluble carrier core. If
“covered” were construed to mean that the inert
hydrosoluble carrier were coated “here and there,” it is
difficult to see how that could be described as multiple
“layers,” in the context of the disclosures in the
specification and the claim language. Thus, I find that,
in the context of being “covered with at least one
layer,” the ordinary and customary meaning of the
term “covered” is “enveloped,” as in “to be placed on
or over the whole surface of.”

H. “dissolution medium constituted by water with 2%
by weight polysorbate 80 or 0.025 M sodium lauryl
sulfate”

*13 Claim 1 of the '881 patent, which is representative
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of the use of this term in the Stamm patents, is as
follows:

A composition comprising micronized fenofibrate,
wherein the composition has a dissolution of at least
10% in 5 minutes, 20% in 10 minutes, 50% in 20
minutes and 75% in 30 minutes, as measured using the
rotating blade method at 75 rpm according to the
European Pharmacopoeia, in a dissolution medium
constituted by water with 2% by weight polysorbate
80 or 0.025 M sodium laury] sulfate.

('881 patent, col. 10 II. 44-65 (emphasis added).)

1. The Parties' Proposed Constructions

Abbott proposes that I construe the term “dissolution
medium constituted by water with 2% by weight
polysorbate 80 or 0.025 M {i.e. molar] sodium lauryl
sulfate” to mean “one of two solutions in water: one
with a concentration of 2% by weight polysorbate 80
and one with a concentration of 0.025 molar sodium
laury! sulfate.” (D.I. 270 at 13.) Teva proposes that I
find that this phrase “is indefinite and incapable of
construction.” (D.I. 223 at 38.) EN2

EN12. Although this term appears in several
claims asserted against Impax, Impax has not
disputed Abbott's proposed construction of
this term in their briefs on claim construction,
and as such, all citations in Part IV.H. are to
C.A. 02-1512-KAJ. (See D.1. 169, 205.)

Teva asserts that this claim term is indefinite because
it means that “an unknown amount of 0.025M sodium
lauryl sulfate solution is added to an unknown amount
of water.” (D.I. 223 at 37.) In support, Teva cites to
two disclosures in the specification, one where the
dissolution medium is defined as consisting “of 1000
ml of water to which 0.025M sodium lauryl sulfate
sodium is added ...” ('"881 patent, col. 2 1. 28-30) and
one which describes “a dissolution medium
constituted by water with 0.025M sodium lauryl
sulfate” ('881 patent, col. 3 II. 56-57). Teva asserts that
in each of these disclosures, an unknown amount of
0.025M sodium lauryl sulfate solution is combined
with, in the first instance 1000 ml of water, and in the
second instance, an unknown amount of water. (D.1.
223 at 28.)

In response, Abbott asserts that a person of skill in the
art, would understand the claim language and the
disclosures in the specification as designating a
particular concentration of sodium lauryl sulfate,
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specifically 0.025M sodium lauryl sulfate. (D.I. 270 at
14.) Further, Abbott asserts that Teva's own expert,
Ms. Gray, interpreted this claim term to require a
specific concentration, and that she dissolved a
sufficient amount of sodium lauryl sulfate in water to
obtain 1 liter of a 0.025 molar solution. (/d at 14-15 .)

Teva counters that “Plaintiff's proposed construction ...
is legally untenable because it eliminates the term
“with” from the claim element...” (D.I. 268 at 9
(emphasis omitted).) Thus, Teva asserts that the claim
term is “fatally ambiguous.” ({d)

2. The Court's Construction

Although Teva's “grammatical savvy” is noted, I
believe that any ambiguity created by the word “with”
was likely an inadvertent error. See Merck, 395 F.3d at
1371 n. 8 (finding that the omission of the word
“about” was likely an inadvertent error, rather than an
intentional product of claim drafting). In the context of
the Stamm patents, the claim term is understood by
persons of ordinary skill in the art as expressing a
concentration, rather than a specific volume. (See D.L.
267, Ex. K at 4, 5, Expert Report of Vivian Gray
(noting that Ms. Gray used 1200 ml of dissolution
medium at a concentration of “0.025 M Sodium
Lauyrl Sulfate” to test samples provided by Fournier).)
Although Ms. Gray also stated that “the wording
describing the 0.025 M Sodium Lauryl Sulfate
medium was not clear,” she was able to test the
samples according the methodology disclosed in the
Stamm patents. (/d at 5.) Furthermore, Abbott's
expert, Dr. Amidon, stated that it is inconceivable that
anyone of skill in the art would interpret the claim
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term in the manner suggested by Teva. =2 (See D.1.
236, Ex. 11 at 339:4-5, Dep. of Dr. Amidon, Nov. 19,
2004.) Thus, the claim term is not indefinite because
one of ordinary skill in the art would read the term as
requiring a concentration of 0.025 molar sodium
lauryl sulfate. Therefore, I construe “dissolution
medium constituted by water with 2% by weight
polysorbate 80 or 0.025 M sodium lauryl sulfate” to
mean “one of two solutions in water: one with a
concentration of 2% by weight polysorbate 80 and one
with a concentration of 0.025 molar sodium lauryl
sulfate.”

EN13. Although at the Markman hearing,
counsel for Teva argued that Ms. Gray used
0.025 molar sodium lauryl suifate because
the prosecution history discussed testing
under those conditions (D.I. 297 at
81:21-82:3, C.A. 02-1512-KAJ), her
methodology is persuasive evidence that a
person of ordinary skill in the art practicing
the invention claimed in the patents would do
the same thing, and look to the prosecution
history to clarify any perceived ambiguity.
Although I do not find that the claim term is
ambiguous, 1 merely note that Ms. Gray and
Dr. Amidon's opinions are instructive as to
how one of ordinary skill in the art would
view the claim term.

V. CONCLUSION

*14 For the reasons stated, the terms in dispute are
construed as follows:

THE COURT'S CONSTRUCTION
The Court construed the claim term to

mean “any excipient, generally
hydrophilic, phammaceutically inert,
crystalline or amorphous, in a particulate
form, not leading to a chemical reaction
under the operating conditions employed,
and which is soluble in an aqueous
medium, notably in a gastric acid
medium.”

The Court construed the claim term to

mean “any excipient, generally
hydrophilic, crystalline or amorphous, in a
particulate form, and which is soluble in

© 2006 Thomson/West. No Claim to Orig. U.S. Govt. Works.
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an aqueous medium, notably in a gastric
acid medium.”
The Court construed the claim term to
mean “any high molecular weight
substance (greater, for example, than
300) having sufficient affinity towards
water to dissolve therein and form a gel.”
The Court construed the claim term to
mean “one of a number of particles
forming a larger unit.”
The Court construed the claim term to
mean “an aggregate, mixture, mass, or
body formed by combining two or more
elements or ingredients.”
The Court construed the claim term to
mean “an oral dosage form consisting of
a small mass of medication.”
The Court construed the claim term to
mean “enveloped,” as in “to be placed on
or over the whole surface of.”
The Court construed the claim term to
mean “one of two solutions in water: one
with a concentration of 2% by weight
polysorbate 80 and one with a
concentration of 0.025 molar sodium
lauryl sulfate.”

issued today in this matter,

IT IS HEREBY ORDERED that the disputed claim terms
in U.S, Patent No. 6.074.670, U.S. Patent No. 6.589.552
B2, U.S. Patent No. 6,277.405 B1, and U.S. Patent No.
6,652.881 B2 are construed as follows:

For the reasons set forth in the Memorandum Opinion

CLAIM TERM/PHRASE
“inert hydrosoluble carrier”

“hydrosoluble carrier”

THE COURT'S CONSTRUCTION

The Court construed the claim term to
mean “any excipient, generally
hydrophilic, pharmaceutically inert,
crystalline or amorphous, in a particulate
form, not leading to a chemical reaction
under the operating conditions employed,
and which is soluble in an aqueous
medium, notably in a gastric acid
medium.”

The Court construed the claim term to
mean “any excipient, generally

© 2006 Thomson/West. No Claim to Orig. U.S. Govt. Works.
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hydrophilic, crystalline or amorphous, in a
particulate form, and which is soluble in
an aqueous medium, notably in a gastric
acid medium.”

The Court construed the claim term to
mean “any high molecular weight
substance (greater, for example, than
300) having sufficient affinity towards
water to dissolve therein and form a gel.”
The Court construed the claim term to
mean “one of a number of particles
forming a larger unit.”

The Court construed the claim term to
mean “an aggregate, mixture, mass, or
body formed by combining two or more
elements or ingredients.”

The Court construed the claim term to
mean “an oral dosage form consisting of
a small mass of medication.”

The Court construed the claim term to
mean “enveloped,” as in “to be placed on
or over the whole surface of.”

The Court construed the claim term to
mean “one of two solutions in water: one
with a concentration of 2% by weight
polysorbate 80 and one with a
concentration of 0.025 molar sodium
laury! sulfate.”

© 2006 Thomson/West, No Claim to Orig. U.S. Govt. Works.
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67 ABSTRACT

The present invention discloses a process for preparing
4-aminodiphenylamine, which process uses nitrobenzene
and aniline as raw materials, a complex base catalyst as
condensation catalyst and a powdery composite catalyst as
hydrogenation catalyst, and comprises five process stages:
condensation; separation I, hydrogenation; separation II;
and refining. The process can be continuously carried out.
By selecting a complex base catalyst to catalyze the con-
densation reaction and separating it prior to the hydrogena-

. tion, the problem that the complex base catalysts thermally

decompose in the hydrogenation reaction is avoided, the
selectable range of hydrogenation catalysts is largely
cenlarged so that it is possible to select cheaper hydrogena-
tion catalyst, and the selection of production process and
equipment is easier and further industtialization is easier.
The complex base catalysts used in the present invention are
inexpensive and have higher catalytic activity. The process
can be carried out at mild conditions and can adapt to broad
range of water content, by-product is less and conversion
and selectivity are higher. The operational strength is low, no
corrosive liquid is produced, and eavironment pollution is
reduced. The purity of 4-aminodiphenylamine prepared can
exceed 99 wt.-%, and the yield in the industrial production
process can be over 95%.

A flow diagram of the process for preparing 4-aminodiphylamine

1 - reused complex base catalyst
2 - powdery composiic catalysi
3 - hydrogenation solvent

4 - reused, optionally at least partially regenerated, powdery composite catalyst

S - reused hydrogenation solveat
6 - reused aniline

7 - condensation biquid

8 - sepanation | tiquid (i.e.,

catalyst has been separated)
9 - hydrogeaation liquid

130 - crude product of 4-aminodiphylamine

ion liquid from which the complex base
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Figurel. A flow dfagram of the process for' preparing 4-aminodiphyiamine

1 - reused complex base catalyst V

2 - powdery composite catalyst

3 - hydrogenation solvent

4- reuse;i, optionally at least pértially regenerated, powdery composite catalyst

5 - reused hydrogenation solvent

6 - reused aniline

7 - condensation liquid

8 - separation I liquid (i.e., condensation liquid from which the complex base
catalyst has been separated)

9 - hydrogenation liquid

10 - crude product of 4-aminodiphylamine
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PROCESS FOR PREPARING
4-AMINODIPHENYLAMINE

CROSS REFERENCE OF RELATED
-+ - APPLICATIONS i

[0001] The present application claims priority to
CN03148566.9, CN03148195.7, CN03148194.9,
CNO03148191.4, CN03148565.0, CN03148200.7,
CN03148198.1, CN03148196.5, filed on Jul. 4, 2003, which
are incorporated herein by reference in their entirety and for

all purposes.
TECHNICAL FIELD

[0002] The present invention relates to a process for
preparing 4-aminodiphenylamine, In particular, the present
invention relates to a continuous process for preparing
4-aminodiphenylamine, which process uses nitrobenzene
and aniline as raw materials, a complex base catalyst as
condensation catalyst and a conventional hydrogenation
catalyst or a powdery composite catalyst as hydrogenation
catalyst, and comprises five process stages: condensation;
separating, recovering and reusing the complex base cata-
lyst; hydrogenation; separating, recovering and reusing
aniline and optionally separating, recovering and reusing
hydrogenation solvent, and if necessary, separating, recov-
ering and reusing the hydrogenation catalyst which is
optionally at least partially regenerated; and refining.

BACKGROUND OF THE INVENTION

[0003] 4-Aminodiphenylamine is an important intermedi-
ate of antioxidant and stabilizer, and is an important chemi-
cal product for rubber industry and polymer industry.
Depending on starting materials, current methods for pre-
paring 4-aminodiphenylamine include: (1) aniline method,
wherein p-nitro-chlorobenzene and aniline as raw materials
react in the presence of a catalyst to produce 4-nitrodiphe-
pylamine, then 4-nitrodiphenylamine is reduced by sodium
sulfide to form 4-aminodiphenylamine; (2) formaailide
method, wherein formic acid and aniline are used as starting

materials to prepare formanilide, which in turn reacts with -

p-nitro-chlorobenzene in the presence of an acid-binding
agent such as potassium carbonate, to produce 4-nitrodiphe-
nylamine, and then 4-nitrodiphenylamine is reduced by
sodium sulfide to form 4-aminodiphenylamine; (3) diphe-
nylamine method, wherein diphenylamine as raw material is
nitrosated using a nitrite in an organic solvent to produce
N-nitrosodiphenyamine, which rearranges to 4-nitroso-
diphenyamine hydrochloride under the action of anhydrous
hydrogen chloride, then 4-nitrosodiphenyamine hydrochlo-
ride is neutralized with a base to give 4-nitrosodiphen-
yamine, and said 4-nitrosodiphenyamine is finally reduced
to 4-aminodiphenylamine by sodium sulfide. Although these
methods use different starting materials, traditional sodium
sulfide is used as reducing agent to prepare 4-aminodiphe-
nylamine. These reactions suffers from severe reaction con-
ditions, complex operation, higher enmergy consumption,
lower yield, higher cost and environment pollution caused
by concomitant waste water, waste gas and waste residue.

[0004] Among the preparation methods of 4-aminodiphe-
nylamine, one utilizes nitrobenzene or nitrobenzene and
aniline or nitrosobenzene as raw materials to carry out
condensation reaction, and then utilizes hydrogen gas to
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perform hydrogenation to produce 4-aminodiphenylamine.

In fact, it was reported in 1901 (Wohl, Chemische Berichte,

34, p. 2442 (1901)) and in 1903 (Wohl, Chemische Berichte,

36, p. 4135 (1903)) that nitrobenzene reacted with aniline

under the action of a base to~form 4-nitrosodiphenylamine -
and 4-nitrodiphenylamine. However, said method is neither

aftached importance to nor developed because of its rela-

tively low yield until 1990s when it is rescarched and

developed again and achieved some progresses (see

DE19734055.5, DE19810929.6, and DE19709124.5). The

disclosed methods share the following disadvantages: 1)

catalysts used are expensive so as to result in excessive high

production cost when said catalysts are used in industrial

scale production, so that said methods have no advantage in
comparison with the current production techniques. For
example, tetraalkyl ammonium hydroxide and fluoride used
in condensation reaction and noble metal, such as palladium,
platinum, rhodium, and the like, used in hydrogenation
reaction are expensive. The instability of tetraalkyl ammo-
nium hydroxide imparts some difficulty to recovery and
reuse of tetraalkyl ammonium hydroxide. The use of noble
metal hydrogenation catalysts applies higher requirements
to raw materials and equipments; 2) the yield is relatively
low, and only suitable for laboratory rescarch. This is an
important reason why said methods are very difficult to be
industrialized; 3) operation is complicated, and this isn’t in
favor of contimious operation and limits the production
scale; 4) separation is difficult and purity of product is not
high.

{0005] US. Pat. No. 6,395,933 discloses a process for
syathesizing 4-aminodiphenylamine by reacting nitroben-
zene and a substituted aniline at a certain temperature in the
presence of a strong base and a phase-transfer catalyst. The
process is unsatisfactory in yield and there are many side
reactions. In the mixture of 4-nitrodiphenylamine and 4-ni-
trosodiphenylamine produced, the proportion of 4-ni-
trodiphenylamine is too high so that too much hydrogen is
consumed during hydrogenation reaction and the production
cost is thereby increased. Furthermore, said process needs an
oxidizing agent so that it- is not suitable for industrial
production,

[0006] WO09300324 discloses a process for preparing
4-aminodiphenylamine by reacting nitrobenzene and aniline
at a proper temperature in a proper solvent in the presence
of a base with the content of proton materials in solution
being controlled. Said process requires a solvent and has to
control the content of proton materials in solution. The
introduction of the solvent results in the increment of energy
consumption and scparation difficulty. Controlling the con-
tent of proton materials gives rise to difficulty of operating
and controlling the reaction, In particular, at the later stage
of condensation reaction, controlling the content of proton
materials in the solution, which mainly means dehydrating
to a lower water content, will prolong reaction time and
partial aniline will be entrained out. The later stage, the more
difficult removing the proton materials. Controlling the
proton materials at a certain level is difficult, and goes
against industrial production. The expensive tetraalkyl qua-
ternary amine base catalyst will quickly decompose in the
course of controlling the content of proton materials to a
range of from 0.5 to 4 percent, resulting in the increment of
the production cost,
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SUMMARY OF THE INVENTION

[0007] The invention aims at the selection of inexpensive
catalysts with good performance used for condensation and
hydrogenation reactions and at the selection of a process
suitable for industrial scale production, to continuously
produce 4-aminodiphenylamine.

[0008] The present invention utilizes a complex base
catalyst as condensation catalyst and a conventional hydro-
genation catalyst or a powdery composite catalyst as hydro-
genation catalyst, to prepare 4-aminodiphenylamine in a
continuous process comprising five process stages of con-
densation; separation I (separating, recovering and reusing
the complex base catalyst); hydrogenation; separation IT
(separating, recovering and reusing aniline, optionally sepa-
rating, recovering and reusing hydrogenation solvent, and if
necessary, separating, recovering and reusing hydrogenation
catalyst which is optionally at least partially regenerated);
and refining.

BRIEF DESCRIPTION OF THE FIGURE

[0009] FIG. 1 is a flowchart showing an embodiment of
the process for preparing 4-aminodiphenylamine according
to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0010] According to an embodiment of the present inven-
tion, a process for preparing 4-aminodiphenylamine is pro-
vided, which process comprises five process stages: con-
densation; scparation I, i.e. separating, recovering and
reusing complex base catalyst; hydrogenation; separation II,
i.c. separating, recovering and reusing aniline and optionally
separating, recovering and reusing hydrogenation solvent,
and if necessary, separating, recovering and reusing the
hydrogenation catalyst which is optionally at least partially
regencrated; and refining, and uses nitrobenzene and aniline
as raw materials and a complex base catalyst as condensa-
tion catalyst. '

[0011] In another embodiment according to the present
invéntion, hydrogenation catalyst used in the hydrogenation
reaction is sclected from the group consisting of conven-
tional hydrogenation catalysts comprising Group VIII cle-
ment(s) of the Periodic Table or Cu, Cr, Zn or Mu as active
component and/or co-catalyst component or powdery com-
posite catalysts. i

[0012] In still another embodiment according to the
present invention, the powdery composite catalyst com-
prises nickel, aluminum and compoaent A, said component
Abeing at least one selected from the group consisting of Fe,
Cu, Co, Mn, Cr, Mo, B and P, and wherein the content of
nickel ranges from 25 to 99.9 wt.-%, and the total content of
aluminum and component A ranges from 0.1 to 75 wt.-%.

[0013] In still another embodiment according to the
present invention, the condensation reaction is carried out
under conditions of a molar ratio of nitrobenzene to aniline
of from 1:1 to 1:15, a reaction temperature of from 20 to
150° C., a reaction pressure of from 0.005 to 0.1 MPa
(absolute pressure) and a reaction time of from 3.5 to 6 h.

[0014] In still another embodiment according to the
present invention, in separation I, the complex base catalyst
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is recovered by neutralizing the reaction system with an
acidic matter to conduct separation, then basifying aqueous
phase using a base, wherein said acidic matter is selected
from the group consisting of inorganic acids, combinations
of oxides thereof and-water, and inorganic acid-form salts;
preferably hydrochloric acid, sulfuric acid, unitric acid, car-
bonic acid, sodium bicarbonate, a combination of carbon
dioxide and water, a combination of sulfur trioxide and
water; said base is selected from the group consisting of
bydroxides or oxides of alkali metals and alkaline earth
metals, and the acidic matter and the base are chosen
according to type of tetraalkyl ammonium salt and base in
the complex base catalyst.

[0015] In still another embodiment according to the
present invention, molar ratio of hydroxide ion in the
complex base catalyst to nitrobenzene is in a range of from
1:4 to 4:1.

[0016] In still another embodiment according to the
present invention, the complex base catalyst used in the
condensation reaction comprises a tetraalkyl ammonivm
hydroxide, an alkali metal hydroxide, and a tetraalkyl
ammonium salt.

[0017] In still another embodiment according to the
present invention, molar ratio of tetraalkyl ammonium
hydroxide to alkali metal hydroxide to tetraalkyl ammonium
salt in the complex base catalyst equals (0-9):(0.5-3):(0.5-3),
and the sum of concentration of tetraalkyl ammonium
hydroxide, alkali metal hydroxide and tetraalkyl ammonium
salt ranges from 10 to 100 percent by weight.

[0018] In still another embodiment according to the
present inivention, the used complex base catalyst is pre-
pared as follows: tetraalkyl ammonium hydroxide, alkali
metal hydroxide or oxide and tetraalkyl ammonium salt, at
desired molar ratio, are stirred in water at-a temperature of
from 0 to 90° C. until being homogeneous, to form an
aqueous form of the complex base catalysts, said tetraalkyl
ammonium hydroxide, atkali metal hydroxide or oxide and
tetraalkyl ammonium salt as raw materials being in solid
form or in aqueous solution form.

[0019] In still apother embodiment according to the
present invention, the used complex base catalyst is pre-
pared as follows: tetraalkyl ammonium hydroxide, alkali
metal hydroxide or oxide and tetraalkyl ammonium salt, at
desired molar ratio, are stirred in water at a temperature of
from 0 to 90° C. until being homogeneous, then water is
completely removed through azeotropic process by adding
benzene, to form an anhydrous form of the complex base
catalysts, said tetraalkyl ammonium hydroxide, alkali metal
hydroxide or oxide and tetraalkyl ammonium salt as raw
materials being in solid form or in aqueous solution form.

[0020] In still another embodiment according to the
present invention, the tetraalkyl ammonium salt is repre-
sented by a general formula of

- [RINRDRIRHN] X"~

[0021] wherein R1, R2, R3 and R4, which may be iden-
tical or different, can be alkyl having from 1 to 4 carbon
atoms, said alkyl being optionally substituted by a hydro-
philic substituent; X~ is selected from the group conpsisting
of halide jon, sulfate radical, carbopate radical, phosphate
radical, bicarbonate radical, bisulfate radical, C,-C,-alkyl
carbonate radical, C,-C,-alkyl sulfate radical, etc.; and n is
a value of from 1 to 2.
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[0022] In still another embodiment according to the
present invention, in said general formula of the tetraalkyl
ammonium salt, at least one of R1, R2, R3 and R4 'is
substituted by a hydrophilic substituent selected from the
group consisting of ‘hydroxy, methoxy, polyether, cationic
polyamide, polyester, polyethylene polyamine and highly
water-soluble quaternary ammonium salt-containiag radical.

[0023] In still another embodiment "according to the
present invention, the tetraalkyl ammonium salt is a hydro-
philic substituent~carring tetraalkyl ammonium salt selected
from the group consisting of poly-methylated tricthylene
tetraamine sulfate, poly-methylated diethylene triamine car-
bonate, N,N-dimethyl-N,N-bis(methoxyethyl) ammonium
carbonate, N-methyl-N,N,N-tri(methoxyethyl) ammonium
carbonate, N,N,N-trimethyl-N-hydroxyethyl ammonium
carbonate, trimethyl hydroxyethyl ammonium chloride,

‘N,N,N-trimethyl-N-ethoxylated (1-4 moles of ethylene

oxide) ethyl ammonium carbonate, N,N,N-trimethyl-N-
ethoxylated (1-4 moles of ethylene oxide) propyl ammo-
nium carbonate, N,N,N-trimethyl-N-cthoxylated (1-4 moles
of ethylene oxide) propyl ammonium chioride, N,N-dim-
ethyl-N,N-bis(ethoxylated (1-4 moles of ethylene oxide)
propyl) ammonium carbonate.

[0024] In still another embodiment according to the
prescnt invention, the tetraalkyl ammonium salt is selected
from the group consisting of tetramethyl ammonium car-
bonate, tetramethyl ammonium methyl-carbonate, tetraethyl
ammonivm carbonate, tetraethyl ammonium ethyl-carbon-
ate, tetramethyl ammonium sulfate, tetramethyl ammonium
methyl-sulfate, tetracthyl ammonium sulfate, and tetracthyl
ammonium ethyl-sulfate.

[0025] In still another embodiment according to the
present invention, the tetraalkyl ammonium salt is those
prepared by reacting trialkyl amine with di(C,-C,)alkyl
carbonate or di(C,-C,)alkyl sulfate in polar solvent.

[0026] In still another embodiment according to the
present invention, the reaction for the preparation of the
tetraalkyl ammonium salt is carried out under the following
conditions: reaction pressure ranges from 0.1 to 3.0 MPa,

-reaction temperature ranges from 50-200° C., reaction time

ranges from 1.5 to 6 h, molar ratio. of trialkyl amine to
di(C,-C,)alkyl carbonate or di(C,-C,)alkyl sulfate ranges
from 2:1 to 1:2, the polar solvent used is methanol, ethanol
or isoproparol, and the polar solvent is used in an amount of
from 1 to 10 times of weight of the trialkyl amine.

[0027] In still another embodiment according to the
present invention, the condensation reaction is carried out in
the absence of oxygea.

[0028] In still another embodiment according to the
present invention, it is not necessary to add additionally or
control proton materials during the condensation reaction.

[0029] In still another embodiment according to the
present invention, the condensation reaction is carried out
without a solvent.

[0030] In still another embodiment according to the
present invention, an amount of complex base catalyst is
added during initial stage of the condensation reaction and
only tetraalkyl ammonium salt component and/or alkali
metal hydroxide or oxide component of the complex base
catalyst are replenished in the course of the reaction.
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{0031} In still another embodiment according to the
present invention, the coundensation process stage is con-
ducted in a circulating system consisting of a condensing
circulating pump, 2 falling film reactor and a first reactor,
and optional subsequent-reactor(s).

[0032] In still another embodiment according to the
present invention, a falling film reactor is used in the
condensation process stage and the falling film reactor
utilizes ethanol vapor, hot water, steam or methanol vapor as
heat medium.

[0033] In- still another embodiment according to the
present invention, the hydrogenation reaction is carried out
under the following conditions: hydrogen gas is used as
reducing agent; volume ratio of gas to liquid is in a range of
from 10:1 to 1500:1, weight ratio of solid to liquid is in a
range of from 0.5:100 to 16:100 when non-fixed bed hydro-
genation process is used, and weight ratio of solvent to
separation I liquid (i.e., condensation liquid from which the
complex base catalyst has been separated) is in a range of
from 1:10 to 5:10, with the gas representing hydrogen gas,
the liquid including solvent and separation I liquid, and the
solid representing hydrogenation catalyst; the temperature
of hydrogenation reaction ranges from 50 to 150° C., the
pressure of the reactor ranges from 0.2 to 6.0 MPa (absolute
pressure), and the reaction time ranges from 2 to 7 h.

[0034] In still another embodiment according to the
present invention, the powdery composite catalyst used in
the hydrogenation reaction is prepared by mixing powdery
nickel, powdery aluminum and component A in desired
proportion, then melting them at high temperature, followed
by pulverizing them into powder after discharging and
quenching, and then treating the powder with an aqueous
solution of a hydroxide.

[0035] In still another embodiment according to the
present invention, a magnetic separator is used to recover
magnetic powdery composite catalyst after the hydrogena-
tion reaction.

[0036] In still another embodiment according to the
present invention, recovered powdery composite catalyst is
conveyed back to the hydrogenation reactor via a Venturi
type mixed solid-liquid conveying equipment utilizing feed-
ing power. :

[0037] In still another embodiment according to the
present invention, deactivated powdery composite catalyst is
regenerated by treating with ultrasonic vibration and/or
strong base.

[0038] In still another embodiment according to the
present invention, the solvent used in the hydrogenation
reaction is an alcohol and/or water.

[0039] In still another embodiment according to the
present invention, the refining is performed through three-
column continuous rectification plus batch rectification pro-
cess, and wherein rectification column 1, rectification col-
uma 2 and rectification column 3 are operated at a vacuum
degree ranging independently from 0.09 to 0.098 MPa; a
still temperature of from 260 to 290° C., from 260 to 300°
C. and from 120 to 170° C., respectively; a reflux ratio of
from 2:1 to 10:1, from 1:0.5 to 1:4 and from 1:0.5 to 1:2,
respectively; and the batch rectification column is operated
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at a vacuum degree of from 0.09 to 0.098 MPa, and a still
temperature of from 280 to 330° C.

[0040] In the process according to the present invention,

“separation I” means separating, recovering and reusing
complex base catalyst; and “separation II” means separating,

recovering and reusing aniline and optionally separating,
recovering and reusing hydrogenation solvent, and if nec-
essary, separating, recovering and reusing hydrogenation
catalyst which is optionally at least partially regenerated.
The expression “optionally separating, recovering and reus-
ing hydrogenation solvent” as used herein intends to means
that, when water is used as hydrogenation solvent, the water
is optionally recovered and reused, and when an alcohol
solvent, which will be described hereinbelow, is used as
hydrogenation solvent, the alcohol hydrogenatxon solvent is
separated, recovered and reused.

[0041] With reference to the FIG. 1, in a preferred
embodiment according to the present invention, the process
for preparmg 4—ammod1phcnylammc according to the
present invention comprises the steps of:

[0042] continuously feeding nitrobenzene, amlme
and a complex base catalyst, at desired proportion, to
condensation process stage via metering pumps, and
allowing them to react to form a condensation liquid
(7) containing 4-nitrodiphenylamine, 4-nitroso-
diphenylamine and/or salts thereof;

[0043] continuously feeding the condensation liquid
(7) to separation I process stage, where the complex
base catalyst is recovered by neutralizing the con-
densation liquid (7) with an scidic matter to conduct
separation, then basifying aqueous phase using a
basc, and then the recovered complex base catalyst
(D) is recycled back to the condensation process
stage;

~ [0044] continuously feeding separation I liquid (i.e.,
the condensation liquid from which the complex
base catalyst has been scparated) (8), hydrogenation
solvent, including supplementary hydrogenation sol-
vent (3) and optionally recovered hydrogenation
solvent (5), at desired proportion to hydrogenation
process stage, and allowing them to react with
hydrogen gas under the catalytic action of a powdery

. composite catalyst, including supplementary pow-
dery composite catalyst (2) and reused, optionally at
least partially regenerated, powdery composite cata-

" lyst (4), to form a hydrogenation liquid (9) contain-
ing 4-aminodiphenylamine;

[0045] feeding the hydrogenation liquid (9) to sepa-
ration II process stage, where (2) powdery composite

~ catalyst (4), which is to be recycled back to the

- hydrogenation process stage directly or after being at
least partially regenerated, (b) aniline (6), which is to
be recycled back to the condensation process stage,
and (c) optionally, hydrogenation solvent (5), which
is to be recycled back to the hydrogenation process
stage, arc obtained; and feeding crude 4-aminodiphe-
nylamine (10), from which most of aniline has been
separated, to refining process stage, where (a) partial
aniline (6), which is to be recycled back to the
condensation process stage, and (b) the finished
4-aminodiphenylamine are obtained. The whole pro-
cess is conducted continuously.
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[0046] In the condensation reaction, molar ratio of
nitrobenzene to aniline is in a range of from 1:1 to 1:15;
reaction temperature may be in a range of from 20 to 150°
C., preferably from 50 to 90° C., and controlling the reaction
temperature not higher than 90° C. can result in a decom-
position ratio of the complex base catalyst of less than 0.5
percent during the condensation; reaction pressure may vary
from 0.005 to 0.1 MPa (absolute pressure); and residence
time of the stuff in the whole condensation reaction system
is in a range of from 3.5 to 6 h.

[0047] The complex base catalyst used in the condensation
reaction comprises a tetraalkyl ammonium hydroxide, an
alkali metal hydroxide, a tetraalkyl ammonium salt and
optional water, wherein the concentration sum of tetraalkyl
ammonium hydroxide, alkali metal hydroxide and tetraalkyl
ammonium salt is in a range of from 10 to 100 percent by
weight, preferably from 25 to 38 percent by weight, and
wherein the molar ratio of tetraalkyl ammonium hydroxide
to alkali metal hydroxide to tetraalkyl ammonium salt is
(0-9):(0.5-3):(0.5-3). The combination of part tetraalkyl
ammonium hydroxide and inexpensive alkali metal hydrox-
ide or oxide and tetraalkyl ammonium salt can attain the
same object as attained in the prior art where highly pure
tetraalkyl ammonium hydroxide is used as catalyst. In the
condensation reaction mixture, the molar ratio of hydroxide
ion in complex base catalyst to nitrobenzene is in a range of
from 1:4 to 4:1.

[0048] The complex base catalysts used for the conden-
sation reaction is prepared as follows: tetraalkyl ammonium
hydroxlde, alkali metal hydtoxtdc or oxide and tetraalkyl
ammonium salt, at a molar ratio of (0-9):(0.5-3):(0.5-3), are
stirred in water at a temperature of from @ to 90° C. until
being homogeneous, to form an aqueous form of the com-
plex base catalysts. Then water can be completely removed
by adding benzene through azeotropic process, to form an
aphydrous form of the complex base catalysts. Said tet-
raalkyl ammonium hydroxide, alkali metal hydroxide or
oxide and tefraalkyl ammonium salt as raw materials can be
in solid form or in aqueous solution form.

[0049] In the course of industrial production, the reaction
mixture unavoidably contacts with carbon dioxide and car-
bon monoxide in ambient air and hydrogen, so that the
tetraalkyl ammonium hydroxide will decrease in amount by
converting to tetraalkyl ammonium carbonate. In the case
where only a tetraalkyl ammonivm hydroxide is used as
catalyst, the transformation of tetraalkyl ammonium hydrox-
ide into ammonium salt will decrease the quaatity of the
catalyst, 50 that there need supply the catalyst and get rid of
the ammonium salt. In contrast, with the complex base
catalyst according to the present invention, there needs no
any complex technology but increasing the content of alkali
metal hydroxide or oxide in the complex base catalyst.

[0050] According to the present invention, nitrobenzene
and aniline are condensed to form 4-nitrodiphenylamine and
4-nitrosodiphenylamine and/or their salts at certain condi-
tions using the complex base catalyst. Anhydrous form of
the complex base catalyst may be used to convert nitroben-
zene and aniline to 4-nitrodiphenylamine and 4-nitroso-
diphenylamine and/or their salts in the condensation reaction
according to the present invention. The selectivity and
conversion of the reaction attain to the desired level at an
anhydrous condition.



o SO

© US 2005/0065376 Al

[0051] In the case of using a complex base catalyst, it is
possible not to scverely control proton materials such as
water, methanol and the like, thereby avoiding as much as
possible the loss of the complex base catalyst and operation
complexity caused-by the-control of proton materials, With-
out limited to any specific theory, it is believed that the
integrated action of tetraalkyl ammonium hydroxide, alkali
hydroxide and tetraalkyl ammonium salt in the complex
base catalyst gives rise to such a result, thereby reducing the

difficulty of operating and controlling the reaction. It is -

believed that the use of the complex base catalyst compris-
ing tetraalkyl ammonium hydroxide, alkali hydroxide and
tetraalkyl ammonium salt makes the control of proton mate-

.rials, for example, water in reaction system unimportant.

That is to say, condensation reaction can be carried out with
the conversion and selectivity being not affected no matter
whether there are no proton materials such as water in the
solution or there is a high content of proton materials such
as water in the solution. Thus, the difficulty of operating and
controlling the reaction can be reduced and the quantity of
aniline entrained out by ‘azeotropic dehydration can be
decreased, so that the process is more suitable for industrial
scale production. .

[0052] In the proccss according to the preseat invention,
proton materials such as water no longer construct a restrict-
ing factor of the reaction, and the selectivity and conversion
can attain to the desiréd level whether or not there are proton
materials such as water. Furthermore, it has been found that
the decomiposition rate of the complex base catalyst is lowet
than that of the single tetraalkyl ammonium hydroxide.

{0053] Ina preferred embodiment of the present invention,
condensation reaction can be camied out as follows:
nitrobenzene, aniline and complex base catalyst, at desired
proportion, are continuously fed via metering pumps to a
falling film reactor to be heated and allowed to condense; the
condensation liquid in the falling film reactor is discharged
from the bottom of the reactor into a first reactor to continue
condensation reaction; a part of the condensation liquid from
the bottom of the first reactor is conveyed back to the falling
film reactor via a circulating pump, to establish a local
circulating system of the condensation reaction according to
the present invention. The circulating system mainly con-
sists of the falling film reactor and the first reactor, and
reactants continuously circulate in said circulating system
via the condensation circulating pump. The circulating pro-
cess maintains an amount of condensation liquid sufficient to
form a uniform film in the falling film reactor. The falling
film reactor may utilize ethanol vapor, hot water, steam or
methanol vapor, preferably ethanol vapor as heat medium, to
make the temperature of the system very homogeneous and
avoid local overheating. That there is hardly back-mixing of
reaction liquid in a falling film reactor significantly
decreases the contact chance of product and raw materials
and minimizes the side reaction. The local circulating sys-
tem including the falling film reactor enhances the conden-
sation reaction rate and reduces the reaction time, which is
shortened from more than ten hours to 3.5-6 hours.

_ [0054] It has also becn found that continuous film reaction -
" is higher than complete mixing reaction in both selectivity

and yield. During this reaction, nitrobenzene reacts with
aniline to form 4-nitrosodiphenylamine; nitrobenzene can
also react with 4-pitrosodipbenylamine to form 4-ni-
trodiphenylamine, and nitrobenzene itself is reduced to
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nitrosobenzene, which in turn can react with aniline to form
azobenzene. The latter reaction goes against main reaction
and reduces the selectivity of the reaction. At the beginning

" of reaction, the quantity of nitrobenzene is relatively bigger.

Nitrobenzene is gradually coaverted to 4-nitrosodipheny-
lamine and the quantity of nitrobenzene becomes smaller
along with the reaction. The use of the continuous film -
reactor reduces the contact and reaction between nitroben-
zene added and 4-nitrosodiphenylamine which is later
formed (whea the reactants enter the reactor to react, the
concentration of nitrobenzene is relatively higher yet the
concentration of 4-nitrosodiphenylamiue is relatively lower,
while at the end of the reaction, the concentration of
4-nitrosodiphenylamine is relatively higher yet the concen-
tration of nitrobenzene is relatively lower), that is, the
opportunity that pitrobenzene is reduced to nitrosobenzene
by 4-nitrosodiphenylamine, thereby reducing reaction
between nitrobenzene and aniline to form azobenzene.

[0055] In the condensation reaction of nitrobenzene and
aniline in the presence of the complex base catalyst, the
main side reaction is to form by-products, azobenzene and
phenazine. It has been found that the bigger the quantity of
aniline, the less the side reaction to convert nitrobenzene to.
phenazine. Another by-product in the reaction is azoben-
zene. Azobenzene can be easily transformed into aniline at
the hydrogenation process stage, so that it can be reused in
the production. Therefore, the molar ratio of nitrobenzene to
aniline employed in the invention is selected as from 1:1 to
1:15. .

[0056] Furthermore, in the process awording to the
present invention, condensation reaction can be performed
under proper ratio of nitrobenzene and aniline without the

introduction of any solvent into the system and a good yleld
can be achieved. )

{0057] The invention improves the yield of the condensa-
tion reaction and makes the reaction moving towards desired
direction utilizing the above method.

[0058] Those skilled in the art can contemplate that the
condensation reaction according to the present process
might employ more stages of reactors in series.

[0059] In the condensation process stage, it is unavoidable
to lose part of complex base catalyst used in condensation
process along with the reaction. It is possible to supply only
alkali metal bydroxide component and tetraalkyl ammonium
salt component of the complex base catalyst when replen-
ishing the catalyst, and their molar ratio is in a range of from
4:1 10 1:4. Alkali metal oxide can be used to replace alkali
metal hydroxide, and its amount can be gotten by conversion
from corresponding hydroxide.

[0060] The tetraalkyl ammonium salts useful in the
present invention can be represented by a general formula of

[(RI)R2)RIHRAN] X

[0061] wherein R1, R2, R3 and R4, which may be iden-
tical or differeat, can be alkyl having from 1 to 4 carbon
atoms, said alkyl can carry a hydrophilic substituent selected
from the group coansisting of hydroxy, methoxy, polyether,
cationic polyamide, polyester, polyethylene polyamine,
highly water-saluble quaternary ammonium salt-containing
radical, etc., X"~ is selected from the group cousisting of
halide ions, sulfate radical, carbonate radical, phosphate
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radical, bicarbonate radical, bisulfate radical, C,-C,-alkyl
carbonate radical, C,-C,-alky! sulfate radical, etc., and n is
avalue of from 1 to 2. Examples of the tetraalky! ammonium
salts include, but are not limited to, poly-methylated trieth-
ylene tetraamine- sulfate, poly-methylated diethylene tri-
amine carbonate, N,N-dimethyl-N,N-bis(methoxyethyl)
ammonium carbonate, N-methyl-N,N,N-tri{methoxyethyl)
ammonium carbonate, N,N,N-trimethyl-N-hydroxyethyl
ammonium carbonate, trimethyl hydroxyethyl ammonium
chloride, N,N,N-trimethyl-N-ethoxylated (1-4 moles of eth-
ylene oxide) ethyl ammonium carbonate, N,N,N-trimethyl-
N-ethoxylated (1-4 moles of ethylene oxide) propyl ammo-
nium carbonate, N,N,N-trimethyl-N-cthoxylated (1-4 moles
of ethylene oxide) propyl ammonium chloride, N,N-dim-
cthyl-N,N-bis(ethoxylated (1-4 moles of cthylene oxide)
propyl) ammonium carbonate, tetramethyl ammonium car-
bonate, tetramethyl ammonium methyl-carbonate, tetracthyl
ammonium carbonate, tetracthyl ammonium ethyl-carbon-
ate, tetramethyl ammonium sulfate, tetramethy! ammonium
methyl-sulfate, tetracthyl ammonium sulfate, and tetraethyl
ammonium ethyl-sulfate.

[0062] The tetraalkyl ammonium hydroxides used in the
complex base catalyst can be represented by a formula of
R' N*OH", wherein R' is independently an alkyl having one
or two carbon atoms. The tetraalkyl ammonium hydroxide
may be prepared from corresponding tetraalkyl ammonium

. salt and base in polar solvent according to a process known’
_ perse. :

[0063] The alkali metal hydroxides or oxides include
hydroxides and oxides of lithium, sodium, potassium and
rubidium, such as sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium oxide or potassium oxide.

[0064] The tetraalkyl ammonium alkyl-carbonates or tet-

raalkyl ammonium alkyl-sulfates usefulin the present inven-
tion can be prepared by the reaction of trialkyl amine and

di(C,-C,)alkyl carbonate or di(C,-C,)alkyl sulfate in polar

solvent. :

[0065] According to the present invention, in the prepa-
ration of tetraaikyl ammonium alkyl-carbonates or tetraatkyl
ammonium alkyl-sulfates, the reaction temperature varies
from 50 to 200° C., preferably from 60 to 150° C., and
reaction pressure varies from 0.1 to 3 MPa (gauge pressure).
1a general, the pressure depends on the selected temperature,
as well as type and amount of the solvent, namely, the less
the amount of solvent, the higher the system pressure; and
the higher the temperature, the higher the pressure. In the
present invention, the reaction pressure is preferably con-
trolled in a range of from 0.4 to 2 MPa to obtain higher
product yield.

[0066] In the reaction for the preparation of tetraalkyl
ammonium alkyl-carbonate or tetraalkyl ammonium alkyl-
sulfate according to the present invention, the molar ratio of
trialkyl amine to di(C,-C,)alkyl carbonate or di(C,-C,)alkyl
sulfate is chosen as from 2:1 to 1:2. If the proportion of
trialkyl amine is too high, then trialkyl amine’ will be
superabundant in the reaction system and thus impose
operational difficulty to subsequent processes and pollutes
the environment. If the proportion of trialkyl amine is too
low, then di(C,-C,)alkyl carbonate or di(C,-C,)alkyl suifate
will be superabundant, resulting in the loss of di(C,-C,)alkyl
carbonate or di(C,-C,)alkyl sulfate in the subsequent reac-
tion, thereby increasing the production cost.
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[0067] In the process for the preparation of tetraalkyl
ammonium alkyl-carbonate or tetraalkyl ammonium alkyl-
sulfate according to the present invention, reaction time of
trialkyl amine and di(C,-C,)alkyl carbonate or di(C,-

- C,)alkyl sulfate is in a range of from 1.5 to 6 h. At the initial

stage of the reaction, the reaction rate is high, and exother-
mic phenomenon is obvious. With consumption of raw
materials, the reaction became slow and heat release is
gradually reduced. During the reaction, the amount of cool-
ing water is continuously adjusted to keep reaction tempera-
ture and pressure in a certain range.

[0068] The polar solvents useful in the reaction for the
preparation of tetraalkyl ammmonium alkyl-carbonate or tet-
raalkyl ammonium alkyl-sulfate according to the present
inveation include methanol, ethanol or isopropyl alcohol.
The amount of solvents used varies from 1 to 10 times of
weight of trialkyl amine.

[0069] In separation I process stage, the condensation
liquid containing 4-aitrodiphenylamine and 4-nitrosodiphe-
nylamine and/or salts thereof is filtered, and an acidic matter
is added to the filtrate to reduce pH of the solution to about
8, then layers are scparated. The obtained organic phase is
a mixture of 4-nitrodiphenylamine and 4-nitrosodipheny-
lamine, ie. separation I liquid. A base is added to the
obtained aqueous phase at such an amount that equivalent
ratio of the base to above-added acidic matter is in a range
of from 1:1 to 3:1, to give the complex base catalyst. If
necessary, the recovered complex base catalyst may be
concentrated prior to being recycled back to-the condensa-
tion process stage.

[0070] The acidic matters useful in the separation I pro-
cess stage may be sclected from the group consisting of
inorganic acids, combinations of oxides thereof and water,
and inorganic acid-form salts, for example, hydrochloric
acid, sulfuric acid, nitric acid, carbonic acid, sodium bicar-
bonate, a combination of carbon dioxide and water, a
combination of sulfur trioxide and water, and the like; and
the base used may be selected from the group consisting of
hydroxides or oxides of alkali metals and alkaline earth
metals. It is desired to choose suitable acidic matter and base
based on the type of the tetraalkyl ammonium salt and the
base in the complex base catalyst. The principles for making
such a choice are well known by ordinarily skilled persons
in the art. For example, if tetraalkyl ammonium salt is a
chloride, hydrochloride acid is chosen as the acidic matter in
order to avoid to introduce other impurities. For another
example, if tétraalkyl ammonium salt is a carbonate, then a
combination of carbon dioxide and water can be used to
neutralize the filtrate, and calcium hydroxide is used to
basify the aqueous phase. ’

[0071] It should be pointed out that the present invention
avoids the problem that the complex base catalysts thermally
decompose in the hydrogenation reaction by separating the
complex basc catalysts from 4-nitrodiphenylamine and 4-ni-
trosodiphenylamine in separation I process stage utilizing an
acidic matter, thereby largely enlarging the selectable range
of hydrogenation catalyst. The hydrogenation catalysts use-
ful in the hydrogenation reaction according to the present
invention may be any conventional hydrogenation catalyst
comprising Group VIII element(s) of the Periodic Table or
Cu, Cr, Zn, Mn etc. as active component and/or co-catalyst
component or a powdery composite catalyst. The tempera-
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ture of hydrogenation reaction may range from 50 to 150°
C., and the hydrogenation reactor may employ one-stage or
multi-stage of fluidized bed reactor(s), or one-stage or
multi-stage of fixed bed reactor(s) in series. If a catalyst in
a form suitable for fixed bed reactor, for example, granular
catalyst, is used, the process may be adjusted in a manner
well known by those skilled in the art, for example, there
needs not filter the hydrogenation catalyst in separation 11
process staged described hereinbelow, and there needs not
recover hydrogenation catalyst using a magnetic separator in
the hydrogenation process. These embodiments are also
encompassed in the present invention.

[0072] Now hydrogenation and separation I process
stages of the process according to the present invention in
which a powdery composite catalyst of the present invention
as well as fluidized bed hydrogenation process is cmployed

~ are described.

[0073] In the hydrogenation reaction of said embodiment
of the present invention, hydrogen gas can be used as
reducing agent. The reaction temperature is in a range of
from 50 to 150° C., the pressure is in a range of from 0.2 to
6.0 MPa (absolute pressure), and the reaction time varies
from 2 to 7 h. Volume ratio of gas to liquid is in a range of
from 10:1 to 1500:1, weight ratio of solid to liquid is in a
range of from 0.5:100 to 16:100, with the gas representing
hydrogen gas, the liquid including hydrogenation solvent
and scparation I liquid, and the solid representing powdery
composite catalyst.

[0074] In the practice of the invention, alcobols and/or
water can be used as hydrogenation solvent. As alcohols,
methanol, ethanol and isopropyl alcohol are preferred. The
hydrogenation solvent can be used in such an amount that
weight ratio of hydrogenation solvent to separation I tiquid
is in a range of from 1:10 to 5:10.

[0075] The powdery composite catalysts uscful in the
hydrogenation reaction according to the present inveation
comprise nickel, aluminum and component A which is at
least one selected from the group consisting of Fe, Cu, Co,
Mau, Cr, Mo, B and P, wherein the content of nickel is in a
range of from 25 to 99.9 wt.-%, and the total content of
aluminum and component A is in 2 range of from 0.1 to 75
wt.-%. The particle size of the catalysts may vary from 40
to 300 mesh.

[0076] The modifying agent A, which is at least one

selected from the group consisting of Fe, Cu, Co, Mn, Cr,
Mo, B and P, can meodify the crystalline sfate of nickel-
aluminum alloy so as to achieve the purpose of improving
the selectivity of hydrogenation reaction and enhancing the
activity of catalyst. The powdery composite catalysts
according to the present invention can be prepared by
mixing powdery nickel, powdery aluminum and component
A at desired proportion, then melting them at high tempera-
ture, followed by pulverizing them into powder with a
particle size ranging from 40 to 300 mesh after discharging
and quenching, and finally, treating the powder with hydrox-
ide aqueous solution. The concentration of hydroxide solu-
tion can be in a rapge of from 5 to 50 weight percent, and
the treating temperature is in a range of from 50 to 90° C.

[0077] In order to improve the effect of recovering hydro-
genation catalysts by magnetic separator in the subsequent
process, it is preferced to use at least iron as modifying agent
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fo increase the ferromagnetism of the powdery composite
catalysts. Therefore, in a preferred embodiment of the
present invention, the powdery composite catalysts accord-
ing to the present invention can be prepared by taking

" powdery nickel, powdery aluminum, powdery iron, and

optional other modifying agent A, which is selected from the
group coosisting of Cu, Cr, Co, Mn, Mo, B and P, in desired
proportion; melting them into alloy in an induction furnace;
ejecting the molten alloy using gas pressure through a nozzle
fo a copper drum rotating at high speed to quench quickly
the alloy with cooling speed being as high as 10°-10° K/sec;
pulverizing the cooled alloy using a ball mill into powder
with a particle size ranging from 40 to 300 mesh, preferably
from 100 to 200 mesh; and finally, treating the powder with
5 to 50 wt.-% aqueous solution of a hydroxide at a tem-
perature of from 50 to 90° C.

[0078] According to a preferred embodiment of the inven-
tion, hydrogenation reaction can be carried out as follows:
separation I liquid, hydrogenation solvent, powdery com-
posite catalyst recovered and, if necessary, complementary
fresh powdery composite catalyst are fed to first-stage,
second-stage and optional higher-stage hydrogenation reac-
tors via a solid-liquid conveyer, and hydrogen gas is bubbled
into the reactors from bottom of the reactors via a hydrogen
gas circulator, to carry out the hydrogenation reaction under
the above-defined hydrogenation reaction conditions to form
crude hydrogenation liquid containing 4-aminodipheny-
lamine. The powdery composite catalyst entrained out by
crude hydrogenation liquid is separated by a settling vessel
and a magnetic separator. Solid-liquid phase, which sepa-
rates from hydrogenation liquid and contains high concen-
tration of the powdery composite catalyst, enters the first-
stage reactor to be reused through a mixed solid-liquid
conveying device. At the same time, hydrogenation liquid
containing 4-aminodiphenylamine is obtained.

[0079] The powdery composite catalyst according to the
present invention is a solid-state material during the hydro-
genation. In industry, a hydrogenation catalyst is typically
circulated via a pump, however, when a pump is used to
convey a catalyst containing a high concentration of pow-
dery metal, pump cavity is easily damaged and the trans-
portation effect is also not good. The inventors design a
Venturi-like solid-liquid conveying device, and circulation
of the powdery composite catalyst in hydrogenation system
is achicved through a pump-free circulation performed, by
skillfully employing the power of the pump for fecding
separation I liquid, so that the loss of catalyst is significantly
reduced, and the concentration of catalyst in hydrogenation
reaction mixture is significantly enhanced.

[0080] According to a preferred embodiment, in continu-
ous hydrogenation process, the powdery composite catalyst
in crude hydrogenation liquid is recovered through sedimen-
tation and magnetic separator and recycled via a Venturi type
solid-liquid conveying device, and circulating hydrogen gas
is bubbled into the reactors. The whole hydrogenation step
is conducted in a complete mixing flow mode by continu-
ously feeding stock into multistage reactors in series. The
hydrogenation solvents can be the recovered and reused.

[0081] The hydrogenation liquid having part of the pow-
dery composite catalyst recovered through sedimentation
and magnetic separator enters separation II process stage,
where the residual powdery composite catalyst in the hydro-
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genation liquid is recovered from hydrogenation liquid by
filtration, and circulated back to the hydrogenation process
stage directly or after being at least partially regenerated.

{0082] - -In- the hydrogenation reaction according to the
present invention, with optionally continuously renewing a
minor amount of hydrogenation catalyst, the catalyst con-
centration in the reaction system can always maintain at a
higher level. Such a method of recycling catalyst can always
and stably maintain the total activity of catalyst in the system
at a higher level and avoid the problem that catalyst activity
gradually decreascs suffered by the processes employing a
fixed bed catalyst. The use of magnetic separator facilitates
the recovery of the catalyst, and the designing and applica-
tion of mixed solid-liquid conveying device make powdery
composite catalyst circulating in the hydrogenation system.

{0083] In the present invention, deactivation of catalyst
usually atiributes to that inorganic matter or organic carbon
deposition clog pores of the catalyst, so that the active sites
of the catalyst are covered, and thereby the activity of the
catalyst decreascs. Therefore, the present invention employs
washing with a high concentration base solution, for
example, 5-50 wt.-% aqueous solution of alkali metal
hydroxide in combination with ultrasonic vibration to regen-
crate the catalyst. Ultrasonic vibration facilitates to get rid of
the inorganic deposition or organic carbon deposition, while
the high concentration base solution can dissolve the alu-
minum, which isn’t dissolved in the first base dissolution, in
the catalyst to form new loose pore structures, thereby
increasing the activity of the catalyst.

[0084] The inventors utilize sedimentation and magnetic
separator to recover magnetic hydrogenation catalyst, and
design a Venturi type mixed solid-liquid conveying device to
convey the catalyst back to hydrogenation reactor using the
power of feeding the stocks, thereby achieving the circula-
tion of powdery composite catalyst. The inventors also take
out the catalyst after filtration to regenerate it 1o restore its
initial activity. By the two measures, the consumption of
catalyst is significantly reduced, and the activity and lifetime
of catalyst are improved.

[0085] In the separation II process stage, if the hydroge-
nation solvent used in the hydrogenation reaction is water,
after filtering to recover the residual powdery composite
catalyst, the layers of the hydrogenation liquid is separated,
and the organic phase is continuously fed to aniline column,
where aniline is obtained from the column top and recycled
back to the condensation process stage, and crude 4-amino-
diphenylamine is obtained from column bottom. If the
hydrogenation solvent used in the hydrogenation reaction is
a mixture of water and an alcohol, after filtering to recover
the residual powdery composite catalyst, the layers of the
hydrogenation liquid is separated, and aqueous phas¢ and
organic phase are respectively rectified to give the alcohol
solvent and aniline, which are reused. If the hydrogenation
solvent used in the hydrogenation reaction is an alcohol,
after filtering to recover the residual powdery composite
catalyst, the hydrogenation liquid is fed to a rectification
column where the hydrogenation solvent is recovered from
the column top and recycled back to the hydrogenation
process, and the bottoms is fed to aniline columa, where
aniline is obtained from the column top and recycled back to
the condensation process stage, and crude 4-aminodipheny-
lamine is obtained from columa bottom. The aniline column
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can be operated at a pressure of from 0.005 to 0.1 MPa
(absolute pressure), column bottom temperature is in a range
of from 120 to 320° C., and the temperature of gas phase is
in a range of from 60 to is 190° C.

[0086] The organic phase having most aniline separated in
separation II process stage contains 4-aminodiphenylamine,
aniline, azobenzene and phenazine, etc. In an embodiment of
the present invention, the refining process is conducted
through three-column continuous rectification plus batch
rectification, wherein the organic phase to be refined is
conveyed via a pump into rectification column 1, where
aniline, azobenzene and phenazine are taken out from the
column top, and crude 4-aminodiphenylamine is discharged
from the column bottom. The effluent from the top of
rectification column 1 enters rectification column 3, where
aniline with a purity of about 99% is distilled from the top
of rectification column 3 and can be directly recycled back
to condensation process, and azobenzene and phenazine are
left in the column bottom. Bottoms of rectification column
1 are conveyed via a pump to rectification column 2, where
the finished 4-aminodiphenylamine is distilled from the top
of rectification column 2, and bottoms of rectification col-
umn 2, after accumulating to a certain amouant, are conveyed
to batch still, where a minor amount of 4-aminodipheny-
lamine left in the bottoms is distilled off and conveyed back
to rectification column 2, and the other residues are dis-
charged from the still bottom.

[0087] In the above refining process according to the
present invention, the rectification column 1 is operated at a
vacuum degree of from 0.09 to 0.098 MPa, a reflux ratio of
from 2:1 to 10:1, a column top temperature of from 80 to
130° C.,, and a still temperature of from 260 to 290° C,; the
rectification column 2 is operated at a vacuum degree of
from 0.09 to 0.098 MPa, a reflux ratio of from 1:0.5 to 1:4, -
a column top temperature of from 140 to 190° C., and a still
temperature of from 260 to 300° C.; the rectification column
3 is operated at a vacuum degree of from 0.09 to 0.098 MPa,
a reflux ratio of from 1:0.5 to 1:2, a column top temperature
of from 80 to 120° C., and a still temperature of from 120
to 170° C.; and the batch rectification column is operated at
a vacuum degree of from 0.09 to 0.098 MPa, a column top
temperature of from 235-250° C., and a still temperature of
from 280 to 330° C. The still temperature of the rectification
column 2 is relatively lower, thus coking of 4-aminodiphe-
nylamine can be reduced, and 96% or more of 4-amino-
diphenylamine can be distilled off at the top of rectification
column 2 operated at a relatively lower still temperature, so
that the amouat of 4-aminodiphenylamine in the bottoms to
be subjected to batch distillation is significantly reduced.

[0088] The process for preparing 4-aminodiphenylamine
according to the present invention uses nitrobenzene and
aniline as raw materials, is continuously conducted in five
_ process stages: condensation; separating the complex base
catalyst; hydrogenation; separating aniline, hydrogenation
solvent and the hydrogenation catalyst; and refining, and
thus is suitable for industrial scale production. The use of the
complex base catalysts in condensation process significantly
decreases the difficulty of operating and controlling the
reaction and renders the water in the reaction system being
no longer a reaction-confining factor. The decomposition of
complex base catalyst is much less than that of the single
tetraalkyl ammonium hydroxide catalyst. The selection of a
falling film reactor and raw material proportion improves
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selectivity of the reaction. There needs no solvent. Selecting
a complex base catalyst to catalyze the condensation reac-
tion and separating it prior to the hydrogenation avoid the
problem that the complex base catalysts thermally decom-
pose in the hydrogenation reaction, largely -enlarge the
selectable range of hydrogenation catalysts so that it is
possible to select cheaper hydrogenation catalyst to reduce
cost, enlarge the temperature range suitable for hydrogena-
tion reaction, make it possible to employ a fixed bed reactor
filled with grapular catalyst thereby reducing industrial
technique difficulty of the hydrogenation reaction, and omit-
ting the extraction step (separating the complex base catalyst
from the organic phase using extractant and co-extractant)
after hydrogenation. In the case where a powdery composite
catalyst is used as hydrogenation catalyst, the hydrogenation
catalyst is good at antitoxic performance, by-product is littie,
conversion and selectivity is high, a magnetic separator can
be used to recover magactic powdery composite catalyst
during hydrogenation process; the hydrogenation catalyst is
conveyed back to hydrogenation reactor via a Venturi type
mixed solid-liquid conveying device using the power of
feeding stocks; and catalyst can be regenerated by chemical
andfor physical methods, and thus the consumption of
catalyst is reduced. In the whole process, reaction conditions
is mild, by-product is little, conversion and selectivity is
high, the operational strength is low, no corrosive liquid is
produced, and environment pollution is reduced. The purity
of 4-aminodiphenylamine can exceed 99 wt.-%, and the
yield in the whole industrial production process can be over
95%.

EXAMPLES

{0089] The following examples further describe the inven-
tion, but do not make limitation to the invention in any way.

Example 1
[0090] Preparation of a Complex Base Catalyst

[0091] To a 1000 ml three-necked flask equipped with a
condenser and a stirrer were added 227.5 g of 20 wt.-%
aqueous solution of tetramethyl ammonium hydroxide (0.5
mol), 10 g (0.25 mol) of sodium hydroxide and 346 g of 30
'w1.-% aqueous solution of tetramethyl ammonium carbonate
(0.5 mol). The mixture was homogencously stirred at 72-77°
C. to give a complex base catalyst having a concentration of
27.3 wt.-%.

) Example 2
[0092] Preparation of a Powdery Composite Catalyst

[0093] 46 g of powdery nickel, 51 g of powdery alumi-
oum, and 3 g of powdery iron were taken and mixed, then
molten into alloy state in an induction furnace. The molten
alloy was ejected using gas pressure through a nozzle to a
copper drum rotating at high speed to be quenched quickly
with cooling speed being as high as 10°-10° K/scc. The
cooled alloy was pulverized using a ball mill, and 99.7 g of
powder with a particle size ranging from 40 to 300 mesh
were obtained by sieving. 375 g of 20 wt-% sodium
hydroxide aqueous solution was charged into a 500 ml
three-necked flask equipped with a thermometer and a
stirrer, and the above powder was slowly added thereto. The
mixture was stirred at 60° C. for 4 h, then the solid was
washed with deionized water until neutral to give a powdery
composite catalyst.
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Example 3
[0094] A. Condensation

[0095] Under vacuum condition, fecding pumps for the
above complex base catalyst, dniline and nitrobenzene were
simultaneously switched on and adjusted to such flow rate as
aniline 150 kg/h, nitrobenzene 30 kg/h and the complex base
catalyst 200 kg/h. The aniline, nitrobenzene and complex
base catalyst were continuously fed into a falling film
reactor to be heated and allowed to condense. Condensation
liquid in the falling film reactor was discharged from the
bottom into a first reactor to proceed with condensing. Part
of condensation liquid from the bottom of the first reactor
was conveyed back to the falling film reactor via a circu-
lating pump, forming a local circulating system. Ethanol
vapor at 78-90° C. was used as the heat medium of the
falling film reactor. Reaction temperature was controlled as
75° C., pressure was coatrolled as 0.008 MPa (absolute
pressure) and flow. rate of the circulating liquid was con-
trolled as 1 m>/h. The reactants overflowed from the first
reactor into a second reactor. The process conditions of the
second reactor, such as operational temperature and pres-
sure, were identical with that of the first reactor. The total
residence time of the reactants in the falling film reactor, first
reactor and second reactor was controlled as 5 h. Once the
condensation reaction became stable, the complex base
catalyst recovered according to the procedure as described
below could be used, with only a minor amount of fresh
complex base catalyst prepared according to example 1
being replenished, and the molar ratio of hydroxide ion to
nitrobenzene in the reaction mixture was controlled not less
than 1:1. The effluent of the second reactor was found to
contain not larger than 0.1 wt.-% of nitrobenzene, 24.9
wt.-% of water and 16.1 wt.-% of 4-nitrosodiphenylamine
and 4-nitrodiphenylamine.

[0096] B. Separation I

[0097] Thus obtained condensation liquid was continu-~
ously fed into the separation I process stage. To the con-
densation liquid subjected to filtering were introduced car-
bon dioxide and water until pH of the solution reaches about
8. The layers of system were separated, thea calcium
hydroxide was added at a rate of 25 kg/h to the obtained
aqueous phase. After filtering, the obtained complex base
catalyst was concentrated fo its initial concentration, then
conveyed back to the condensation process. The obtained
organic phase contained 4-nitrodiphenylamine and 4-ni-
trosodiphenylamine.

[0098] C. Hydrogenation

[0099] The organic phase containing 4-nitrodipheny-
lamine and 4-nitrosodiphenylamine obtained by filtration in
the separation I was fed to a first-stage hydrogenation
reactor equipped with a sealed magnetic stirrer and a cooling
and heating system. Hydrogen gas was used to replace the
atmosphere of the system and pressurize to 1.3 MPa. A
hydrogen gas circulator was switched on and flow rate of
circulating hydrogen gas was maintained at 1 Nm*h. The
circulating hydrogen gas was bubbled into the hydrogena-
tion reactors to improve the gas-liquid mass transfer effect
during reaction. The flow rate of the organic phase contain-
ing 4-nitrodiphenylamine and 4-nitrosodiphenylamine was
controlled as 180 kg/h, and the flow rate of methanol was
controlled as 48 kg/h. The powdery composite catalyst
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above-prepared was added simultaneously to the reactor so
that the solid-liquid ratio by weight was 6:100. Hydrogena-
tion-reduced liquid overflowed from the first-stage reactor
into a second-stage reactor, then into a third-stage reactor,
finally into a seftler. The reaction temperature was 75-80°-C.,
pressure was 1.3 MPa and total residence time was 5 h. The
powdery composite catalyst was recovered as much as
possible under the action of a magnetic separator. Solid-
liquid mixture containing higher concentration of solid
catalyst at the bottom of the settler was returned to the
first-stage hydrogenation reactor via a Venturi type solid-
liquid conveying device using the power of feeding stocks.
The activity of the catalyst in the hydrogenation reaction
was judged by monitoring the endpoint of reducing reaction,
and thus it could be determined whether powdery composite
catalyst for hydrogenation reaction was replenished.

[0100] The hydrogenation liquid was measured by high

performance liquid chromatograph (HPLC) and was found
~ not containing 4-nitrodiphenylamine and 4-nitrosodipheny-

lamine.
[0101] D. Separation IT

[0102] The above hydrogenation liquid was conveyed to
separation II process stage. The hydrogenation liquid was
subjected to filtration to recover a minor amount of the
powdery composite catalyst entrained in the hydrogenation
liquid. The powdery composite catalyst recovered by filtra-
tion was recycled back to the hydrogenation process after

_ regeneration.

[0103] The filtrate was fed at a flow rate of 228 kg/h to a
methanol column, where methanol was obtained from col-
umn top and could be reused in the hydrogenation process.
The bottoms was fed to an aniline column, where aniline
was obtained from the column top and recycled back to the
condensation process stage, and crude 4-aminodipheny-
lamine was obtained from column bottom. The aniline
column was operated at a pressure of 0.005 MPa (absolute
pressure), a column bottom temperature of 150 to 160° C,,
and a gas phase temperature of 115 to 125° C.

[0104] E. Refining

[0105] The crude 4-aminodiphenylamine from multiple
sets of separation II equipment enters one set of refining
equipment. The crude product of 4-aminodiphenylamine
(containing 78.1 percent of 4-aminodiphenylamine, 21.75
percent of aniline, 0.05 percent of azobenzene and 0.1
percent of phenazine) was continuously fed to rectification
columan 1 at a flow rate of 120 kg/h via a gear pump. The
temperature of still was controlled as 270° C., the tempera-
ture of column top was controlled as 110° C., vacuum degree
was controlled as 0.094 MPa and reflux ratio was controlled
as 5:1. Light componeats, i.c. aniline, azobenzene and
phenazine, were taken out from the column top at 2 flow rate

. of about 26,2 kg/h, and conveyed to rectification column 3.

[0106] The rectification column 3 was operated at condi-
tions of still temperature of 150° C., column top temperature
of 90° C., vacuum degree of 0.094 MPa and reflux ratio of
1:1. Aniline was distilled off from column top at a flow rate
of 24 kg/h, and azobenzene and phenazine were left in
column bottom.

[0107] Bottoms of the rectification column 1 were con-
veyed to rectification column 2. The rectification column 2
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was operated at conditions of still temperature of 280° C.,
column top temperature of 170° C., vacuum degree of 0.097
MPa and reflux ratio of 1:1. The finished 4-aminodipheny-
lamine was obtained at the columa top of the rectification
column 2. - - R

[0108] Bottoms of the rectification column 2 were con-
veyed to batch still. The batch still was operated at condi-
tions of kettle temperature of 285-320° C., vacuum degree of
0.094 MPa and top temperature of 235-250° C.,, to distill off
the residual 4-aminodiphenylamine, which was recycled
back to the rectification column 2 to be further distilled. The
whole refining process of 4-aminodiphenylamine was con-
tinuously carried out. The finished 4-aminodiphenylamine
product obtained had a purity of 99.1%, a melting point of
72° C. ard a solidifying point of 72.4° C. The yield of the
process in industrial scale production was 95.1%.

Example 4

[0109] 4-Aminodiphenylamine was prepared according to
the same procedure as described in Example 3 except that
condensation was carried out as follows:

{0110] Under vacuum condition, feeding pumps for the
complex base catalyst, aniline and nitrobenzene were simul-
taneously switched on and adjusted to such flow rate as
aniline 150 kg/h, nitrobenzene 30 kg/h and the complex base
catalyst 200 kg/h. The aniline, nitrobenzene and complex
basc catalyst were continuously fed into a falling film
reactor to be heated and allowed to condense. Condensation
liquid in the falling film reactor was discharged from the
bottom into a first reactor to proceed with condensing. Part
of condensation liquid from the bottom of the first reactor
was conveyed back to the falling film reactor via a circu-
lating pump, forming a local circulating system. Ethanol
vapor at 78-90° C. was used as the heat medium of the
falling film reactor. Reaction temperature was controlled as
75° C., pressure was controfled as 0.008 MPa (absolute
pressure) and flow rate, of the circulating liquid was con-
trolled as 1 m*Mh. The reactants overflowed from the first
reactor into a second reactor. The process conditions of the
second reactor, such as operational temperature and pres-
sure, were identical with that of the first reactor. The total
residence time of the reactants in the falling film reactor, first
reactor and second reactor was controlled as 5 h. Once the
condensation reaction became stable; the complex base
catalyst recovered was used, with sodium hydroxide and
tetraalkyl ammonium salt (i.c. tetramethylammnium carbon-
ate according to Example 1) in a molar ratio of 1:1 being
replenished, and the molar ratio of hydroxide ion to
nitrobenzene in the reaction mixture was controlled not less
than 1:1. The effluent of the second reactor was found to
contain not larger than 0.1 wt.-% of nitrobenzene, 15.6
wt.-% of water and 17.6 wt.-% of 4-nitrosodiphenylamine
and 4-nitrodiphenylamine.

Example 5

[0111] Process for Regenerating Catalyst

[0112] 20 g of powdery composite catalyst, which was
recovered by filtration of the hydrogenation liquid, was
charged into a 100 ml threc-necked flask equipped with a
stirrer and a thermometer. 20 ml of 40% aqueous solution of
sodium hydroxide was added thereto. While stirring, the
mixture was heated to 90° C. and maintained at that tem-
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perature for 1 h. At the end of the reaction, the catalyst was
subjected to ultrasonic washing for 30 min in a washing
tank, followed by washing with water for multiple times

until the pH of the washing water was 7-8. The gained solid

was regenerated powdery composite catalyst.

Example 6
[0113] Preparation of & Complex Base Catalyst

[0114] To a 500 ml three-necked flask equipped with a
condenser and a stirrer were added 230 g of water, followed
by adding 91 g of pentahydrated tetramethyl ammonium
hydroxide (containing 0.5 mol of tetramethyl ammonium
hydroxide), 20 g (0.5 mol) of sodium hydroxide and 70 g of
trimethyl hydroxyethyl ammonium chloride (0.5 mol). The
mixture was homogeneously stirred at 75£2° C. to give a
complex base catalyst having a concentration of 32.85
wt.-%.

Example 7

[0115] Preparation of a Complex Base Catalyst

[0116] To a 500 ml three-necked flask equipped with a
condenser and a stirrer were added 230 g of water, followed

. by adding 91 g of pentahydrated tetramethyl ammonium

hydroxide (containing 0.5 mol of tetramethyl ammonium
bydroxide), 20 g (0.5 mol) of sodium hydroxide and 74.5 g
of tetramethyl ammonium methylcarbonate ([(CH;),NJ*
[CO,CH;TX0.5 mol). The mixture was homogeneously
stirred at 75£2° C. to give a complex base catalyst having a
concentration of 33.7 wt.-%.

. Example 8

[0117] To a 500 m! four-necked flask equipped with a
stirrer, a water segregator and a condenser were added 150
g of water, followed by adding 91 g of pentahydrated
tetramethyl ammonium hydroxide (containing 0.5 mol of
tetramethyl ammonium hydroxide), 20 g (0.5 mol) of
sodium hydroxide and 74.5 g of tetramethyl ammonium
methylcarbonate ([(CH,),NJ'{CO;CH,T')X0.5 mol). Then
25 g of benzene were added thereto, and the mixture was
heated to reflux. There were water layer and oil layer in the
water segregator. Oil layer was returned to the four-necked
flask and water layer was separated out until there was no
water in distilled liquid. An anhydrous form of complex base
catalyst was obtained.

Example 9

[0118] Preparation of Tetramethylammonium Methyl-car-
bonate ([(CH;),NJ{CO,CH,}")

[0119] To a 1.5 L autoclave equipped with a stirrer and a
beating means were added 90 g (1.0 mol) of dimethyl
carbonate, 59 g (1.0 mol) of trimethyl amine and 510 g (15
mol) of methanol. Stirring was initiated after the autoclave
was sealed. The autoclave was heat to 140° C., and pressure
was 1.5 MPa, The reaction was kept at 140° C. for 4 h. Then
the reaction mixture was cooled to 50° C. and discharged
into a 1L three-necked flask. Part of methanol was removed
from the solution of tetramethylammonium methyl-carbon-
ate in methanol thus obtained under vacuum, and thea the
solution was cooled to ambient temperature. White crystal
precipitated out. The crystal was filtrated, oven dried and
recrystallized from methanol, to give 119.5 g of tetramethy-
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lammonium methyl-carbonate having a purity of 99.2% as
measured by chromatography. The yield was 80.2%.

.. . Example 10

[0120] 92.5 g (1 mol) of 1-chloro-2,3-cpoxy propane, 3 g
(1 mol) of N-methyl dicthanolamine, 2 g of sodium hydrox-
ide and 700 g of water were charged into an autoclave with
a stirrer, a heating means and a thermometric means. With
stirring, the mixture was gradually heated to 120° C., then
gascous cthylene oxide was continuously passed into the
autoclave to maintain a reactor pressure of 0.3 MPa until the
quantity of ethylene oxide passed into reached 150 g. The
reaction continued for further 2 h at that temperature, to give
CICH,[CH,CH,0], .—H. 60 g of gascous trimethylamine
were passed thereto. The autoclave was heat to 140° C., and
pressure was 1.5 MPa. The reaction was maintained at that
temperature for 4 h. Then the mixture was cooled to room
temperature. After conventionally dehydrating and drying,
105 g of N,N,N-trimethyl-N-cthoxylated (1-4 moles of

_ethylene oxide) propyl ammonium chloride was obtained.

Example 11
[0121] Preparation of Tetramethyl Ammonium Hydroxide

[0122] To a 1.5 L autoclave equipped with a stirrer and a
heating means were added 90 g (1.0 mol) of dimethyl
carbonate, 59 g (1.0 mol) of trimethyl amine and 510 g (15
mol) of methanol. Stirring was initiated after the autoclave
was sealed. The autoclave was heated to 140° C., and
pressure was 1.5 MPa. The reaction was kept at 140° C. for
4 h. Then the reaction mixture was cooled to room tempera-
ture and discharged into a 1L three-necked flask. A slurry
consisting of 148 g (2.0 mol) of calcium hydroxide and 350
g of water was added thereto. Mcthanol was distilled off by
heating over 8 h while stirring. 355 g of tetramethyl ammo-
nium hydroxide solution was obtained after filtration. The
content of tetramethyl ammonium bydroxide was found as
24.4% and the total reaction yield was 95.2%.

Example 12
[0123] Preparation of Tetracthyl Ammonium Hydroxide

[0124] To a 1.5 L autoclave equipped with a stirrer and a
heating means were added 154 g (1.0 mol) of diethyl sulfate,
101 g (1.0 mol) of triethyl amine and 690 g (15 mol) of
ethanol. Stirring was initiated after the autoclave was sealed.
The autoclave was heat to 140° C., and pressure was 1.0
MPa. The reaction was kept at 140° C. for 4 h. Then the
reaction mixture was cooled to room temperature and dis-
charged into a 1L three-necked flask. 80 g (2.0 mol) of
sodium hydroxide was added thereto. The reaction mixture
was heated at 45° C. for 4 h while stirring. After filtration,
part of ethanol was distilled off from the filtrate. Then 500
g of water was added while ethanol was distilled off (part of
water was entrained out), to give 604 g of tetracthyl ammo-
nium hydroxide solution. The content of tetracthyl ammo-
nium hydroxide was found as 23.3 wt.-% aod the total
reaction yield was 95.7%.
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Example 13

[0125] Effect on Reaction Imposed by the Quantity of
Aniline and Nitrobenzene

[0126] Alocal circulating system having a total volume of
1L equipped with a vacuum system and a temperature
control system was comprised of a miniature reactor, a film
reactor and a circulating pump. The system was firstly filled
with aniline, and the flow of the circulating pump was set at
2 I/h. A mixture, containing nitrobenzene, aniline and the
complex base catalyst prepared according to example 1 at a
molar ratio of nitrobenzenc to aniline to OH" in the complex
base catalyst of 1:1:1.8, was fed to the reactor at a flow rate
of 200 mlh. The residence time was 5 h. The system
temperature was maintained at 75° C. and the system
pressure was maintained at 0.008 MPa (absolute pressure).
After the aniline was replaced by reaction liquid and reac-
tion liquid was stable in composition, a sample was taken
and analyzed. Nitrobenzene was substantially not detect-
able. The reaction selectivity was calculated according to the
total mole number of 4—mn'osod1phenylamme and 4-ni-
trodiphenylamine generated.

[0127] The resuits obtained under the same conditions
except that the ratio of nitrobenzene to aniline was changed
were showed in table 1.

TABLE 1

Effect on reaction imposcd by the quantity of aniline and
nitrobenzene

¥ Nitzob niline Reaction sclectivity

No. (mol/mol) (%)

1 G 902

2 13 96.1

3 15 99.1

4 1:10 993

[0128] It can be seen from the data showed in table 1 that
increasing the molar ratio of aniline to nitrobenzene will
enhance the reaction selectivity, increase target products and
reduce the by-products. However, in the practice, if the
quantity of aniline is too large, the loss of aniline and the
energy consumption during separation will increase.

Example 14

[0129] Effect on Condepsation Reaction Imposed by
Water

[0130] Alocal circulating system having a total volume of
1L equipped with a vacuum system and a temperature
control system was comprised of a miniature reactor, a film
reactor and a circulating pump. The system was firstly filled
with aniline, and the flow of the circulating pump was set at
2 I/h. A mixing liquid containing nitrobenzene, aniline and
the complex base catalyst at a molar ratio of nitrobenzene to
aniline to OH"™ in the complex base catalyst of 1:7:1.15 was
fed to the reactor at a certain flow. The system temperature
was maintained at 75° C. and the system pressure was
maintained at 0.008 MPa (absolute). After the aniline was
replaced by reaction liquid and reaction liquid was stable in
composition, the feeding flow rate of the reaction mixture
was varied to adjust the residence time. The water contents
of reaction effluent, measured when the measured content of
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nitrobenzene was equal to or less than 0.1% and calculated
yield based on 4-nitrosodiphenylamine and 4-nitrodipheny-
lamine generated was 97%, were listed below.

Molar ratio ot' thxee oomponenu in oompl:x
base
hydroxide: N.N dunethyl N, N-bns(ethoxylatcd
(14 moles of cthylene oxide) propyl) ‘Water content

No. in product (%)
1 522 51
2 322 102
3 222 154
4 121 175
5 05205 19.8
6 T hyt inm bydroxide ia 12
used as catalyst

[0131] It can be scen that water content at the end of the
reaction increases as the proportion of N,N-dimethyl-N,N-
bis(ethoxylated (1-4 moles of ethylene oxide) propyl)
ammonium carbonate in the complex catalyst increases.
Namely, with the use of a complex base catalyst according
to the present invention, the range of permitted water content
in the reaction mixture at the end of reaction is greatly
enlarged, that is, the yield is good enough even when there
is a higher content of water in the reaction system. The less
the water content is in the later phase of the reaction, the
lower the dehydration efficiency is, thus reaction difficulty is
reduced in the process according to the present invention. If
only the tetramethyl ammonium hydroxide is used as cata-
lyst, the yield cannot reach 97% until the water content of
reaction mixture is reduced to 1.2% by dehydration, which
imposes difficulty to the reaction control and increases the
power consumption.

Example 15

[0132] Anhydrous complex catalyst prepared in example 8
and 651 g of aniline were charged into a four-necked flask
with stirring device and thermometer. With stirring, the
temperature was elevated to 75° C. and pressure was
reduced to 0.008 MPa (absolute pressurc). Anilinc was
returned to the four-necked flask after demixing the water-
aniline azeotrope distilled until the water content in the
system is less than 0.5%. 123 g of nitrobenzene was drop-
wise added over 2 b, then the dehydrating was continued for
4 h. It was found via chromatographic analysis that the yield
of 4-nitrosodiphenylamine and 4-nitrodiphenylamine was
97.4% and the water content in the system was less than
0.5%.

Example 16

{0133] The Comparison of Continuous Film Reaction and
Complete Mixing Reaction

[0134] Coantinuous film reactions and complete mixing
reactions were conducted under the following conditions:
molar ratio of aniline to nitrobenzene to OH™ in complex
base catalyst was controlled at 7.5:1:1.5, reaction tempera-
ture was 75° C., reaction time was 5 h, and reaction pressure
was 0.005 MPa {(absolute pressure). Results were listed in
Table 2 and Table 3.



US 2005/0065376 Al

TABLE 2

Results of complete mixing reactions

) Conversion rate of

; Ne. vitrobenzene % Yield %
1 98.1 94.6
2 983 95.1
3 98.1 94.8
| [0135]
TABLE 3
| Results of continuous flm reactions
Conversion rate of
No. nitrobenzene % Yield %
1 992 9.6
2 999 98.1
! 3 99.5 97.8
é ‘ Example 17
[0136] Catalytic Hydrogenation in a Fixed Bed Reactor

[0137] A 400 ml of reactor was filled with copper catalyst
in cylindrical shape having a diameter of 5 mm and a height
of 5 mm, The catalyst contained 42% of copper oxide, 42%
of zinc oxide, 6% of aluminum oxide and balance amount of
physical water. Under a flow of hydrogen gas, the catalyst
bed was activated at 110-240° C. for 24 hours. The organic
| phase containing 4-nitrosodiphenylamine and 4-nitrodiphe-
| nylamine obtained in separation I in Example 3 was molten

by slightly heating and then mixed with methanol having a

volume equal to 30% of the volume of the organic phase.
l The mixture, at a flow rate of 100 ml/h, was mixed with

hydrogen gas and then preheated prior to being added to
above hydrogenation reactor. The hydrogenation was per-
formed at 135° C. under a pressure of 5.0 MPa with
gas-liquid ratio being 1000:1. The hydrogenation-reduced
l liquid was measured by high performance liquid chromato-
graph (HPLC) and was found not containing 4-nitrodiphe-
: nylamine and 4-nitrosodiphenylamine. The unit was con-
tinuously operated under above conditions for 500 houss.

Example 18
! [0138] Batch Hydrogenating Example

{0139] 500 g of separation I liquid containing 17.5 weight
! percent of 4-nitrosodiphenylamine and 3.0 weight percent of
' 4-pitrodiphenylamine was charged into a 1L autoclave with
I stirring device and temperature control device. 150 g of
ethanol and 5 g of the powdery composite catalyst prepared
, . in example 2 were added thereto. The system atmosphere
| was replaced with hydrogen gas for three times, and then the
! system was pressurized to 0.8 MPa, While stirring, the
reaction mixture was heated to 100° C. and maintained at
this temperature for 4 h. At the end of the reaction, the
mixture was cooled, and then discharged after pressure
release. The reaction liquid was analyzed via HPLC, and
was found containing no 4-nitrosodiphenylamine and 4-ni-
trodiphenylamine but 14.6% of 4-aminodiphylamine (chro-

matograph content).
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[0140] Comparison of Powdery Composite Catalyst and
Noble Metal Catalyst

[0141] Pd/C catalyst with 5 wi. % of palladium was
compared with the powdery composite catalyst according fo
the present invention. Experiments were carried out under
the same conditions as described in above batch hydroge-
nating example. The quantities of catalysts used were iden-
tical, and both Pd/C catalyst and powdery composite catalyst
were recovered and reused after the reaction. Within 21
times of reuse, 4-nitrosodiphenylamine was undetectable in
both reaction liquids. However, at the twenty-first time of
reuse, the reaction liquid obtained by using Pd/C catalyst
was found containing 0.1 wt. % of 4-nitrodiphylamine while
the reaction liquid obtained by using the powdery composite
catalyst according to the present invention was found con-
{aining no 4-nitrodiphylamine. The results showed that the
antitoxic performance of the powdery composite catalyst
according to the present invention was better than that of the
noble metal catalyst.

" 1-26. (canceled).
27. A process for preparing 4-aminodiphenylamine com-
prising the steps of

i) reacting nitrobenzene and aniline in presence of a
complex base catalyst in a condensation reaction to
form a reaction mixture comprising 4-nitrodipheny-
lamine and 4-nitrosodiphenylamine, said complex base
catalyst comprising a tetraalkyl ammonium hydroxide,
an alkali metal hydroxide, and a tetraalkyl ammonium
salt;

ii) separating, recovering, and reusing the complex base
catalyst;

iif) hydrogenating the reaction mixture in prescnce of
hydrogen, hydrogenation catalyst, and a hydrogenation
solvent to obtain a hydrogenation reaction product;

iv) separating, recovering, and reusing aniline and option-
ally the hydrogenation solvent from the hydrogenation
reaction product;

v) isolating 4-aminodiphenylamine from the hydrogena-

tion reaction product.

28. The process according to claim 27, whercin the
condensation reaction step i) is carried out under conditions
comprising a nitrobenzene to aniline molar ratio of about 1:1
1o 1:15, reaction temperature of about 20 to 150° C., reaction
pressure of about 0.005 to 0.1 MPa (absolute pressure), and
reaction time of about 3.5 to 6 hours.

29. The process according to claim 27, wherein a molar
ratio of hydroxide ion in the complex base catalyst to
nitrobenzene is in a range of about 1:4 to 4:1.

30. The process according to claim 27, wherein a molar
ratio of the tetraalkyl ammonium hydroxide to the alkali
metal hydroxide to the tetraalkyl ammonium salt in the
complex base catalyst is (0-9):(0.5-3):(0.5-3), and a sum of
concentration of the tetraalkyl ammonium hydroxide, the
alkali metal hydroxide, and the tetraalkyl ammonium salt
ranges from 10 to 100 percent by weight.

31. The process according to claim 27, whercin the
complex base catalyst is prepared by the steps of

stirring and mixing the tetraalkyl ammonium hydroxide,
the alkali metal hydroxide or alkali metal oxide, and the
tetraalkyl ammonium salt in water at a temperature of
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from 0 to 90° C. to form a homogenous mixture of an
aqueous form of the complex base catalyst,

wherein the tetraalkyl ammonium hydroxide, alkali metal

hydroxide -or oxide, and tetraalkyl ammonium salt are .

in solid form or aqueous solution.
32. The process according to claim 27, wherein the
complex base catalyst is prepared by the steps of

stirring and mixing the tetraalkyl ammonium hydroxide,
alkali metal hydroxide or oxide, and tetraalkyl ammo-
nium salt in water at a temperature of from 010 90° C.
until being homogencous,

completely removing water from the homogeneous mix-
ture by adding benzene to form an anhydrous complex
base catalyst,

wherein the tetraalkyl ammonium hydroxide, alkali metal
hydroxide or oxide, and tetraalkyl ammonium sait are
in solid form or aqueous solution.
33. The process according to claim 27, wherein the
tetraalkyl ammonium salt is represented by a general for-
mula of

[RIRRIHRAN]* X .
wherein R1, R2, R3 and R4, each of which may be
- identical or different, can be alkyl having from 1 to 4
. carbon atoms, said alkyl being optionally substituted by
a hydrophilic substitucat; X™ is selected from the
group consisting of halide ion, sulfate radical, carbon-
ate radical, phosphate radical, bicarbonate radical,
bisulfate radical, C,-C,-alkyl carbonate radical, C,-C,-
alkyl sulfate radical; and n is a value of from 1 to 2.
34. The process according to claim 33, wherein at least
one of R1, R2, R3 and R4 is substituted by a hydrophilic
substituent selected from the group consisting of hydroxy,
methoxy, polyether, cationic polyamide, polyester, polyeth-
ylene polyamine, and highly water-soluble quaternary
ammonium salt-containing radical.
35. The process according to claim 33, wherein the

_ tetraalkyl ammonium salt is a hydrophilic substituent-car-

rying tetraalkyl ammonium salt selected from the group
consisting of poly-methylated tricthylene tetraamine sulfate,
poly-methylated diethylene triamine carbonate, N,N-dim-
ethyl-N,N-bis(methoxyethyl) ammonium carbonate, N-me-

.thyl-N,N,N-tri{(methoxyethyl) ammonium carbonate, N,N,

N-trimethyl-N-hydroxyethyl ~ ammonium  carbonate,
trimethyl hydroxyethyl ammonium chloride, N,N,N-trim-
cthyl-N-ethoxylated (1:4 moles of ethylene oxide) ethyl
ammonium carbonate, N,N,N-trimethyl-N-ethoxylated (1-4
moles of ethylenc oxide) propyl ammonium carbonate,
N,N,N-trimethyl-N-ethoxylated (1-4 moles of ethylene
oxide) propyl ammoaium chloride, and N,N-dimethyl-N,N-
bis(ethoxylated (1-4 moles of ethylene oxide) propyl)
ammonium carbonate. i

36. The process according to claim 33, wherein the
tetraalkyl ammonium salt is selected from the group con-
sisting of tetramethyl ammonium carbonate, tetramethyl
ammonium methyl-carbonate, tetracthyl ammonium carbon-
ate, tetracthyl ammonium ethyl-carbonate, tetramethyl
ammonium sulfate, tetramethyl ammonium methyl-sulfate,
tetracthyl ammonium sulfate, and tetraethyl ammonium
ethyl-sulfate. ’ .

37. The process according to claim 33, wherein the
tetraalkyl ammonium salt is prepared by the step of |
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reacting a trialkyl amine with a di(C,-C,)alkyl carbonate
or di(C,-C,)alky! sulfate in a polar solvent. i

38. The process according to claim 37, which is under-
taken under reaction conditions comprising a reaction pres-
sure ranging ffom 0.1 to 3.0"MPa, & reaction temperature
ranging from 50 to 200° C., a reaction time ranging from 1.5
to 6 hours, a molar ratio of tralkyl amine to di(C,-C,)alkyl
carbonate or di(C,-C,)alkyl suifate ranging from 2:1 to 1:2,
the polar solvent is methanol, ethanol, or isopropanol, and
the polar solvent is in an amount of from 1 to 10 times of
weight of the trialkyl amine.

39. The process according to claim 27, wherein the
condensation reaction of step i) is performed in the absence
of oxygen.

40. The process according to claim 27, wherein the
condensation reaction of step i) is performed in the absence
of addition or control of proton materials.

41. The process according to claim 27, wherein the
condensation reaction of step i) is performed in the absence
of a solvent.

42. The process according to claim 27, whercin the
complex base catalyst is added at an initiation of the
condensation reaction and only tetraalkyl ammonium salt, or
alkali metal hydroxide or oxide, or both are replenished
during the course of the reaction.

43. The process according to claim 27, wherein step i) the
condensation reaction is conducted in a circulating system
comprising a condensing circulating pump, a falling film
reactor, and a reactor.

44. The process according to claim 27, wherein a falling
film reactor is used in step i), and the falling film reactor
employs a heat medium selected from thé group consisting
of ethanol vapor, hot water, steam, and methanol vapor.

45. The process according to claim 27, whercin in step ii),
the complex base catalyst is recovered by neutralizing the
reaction mixture with an acidic material to form an aqueous
phase, and basifying the aqueous phase using a base,

wherein said acidic matter is selected from the group
consisting of an inorganic acid, a combination of an
oxide of the inorganic acid and water, and an inorganic
acid salt, and

wherein said base is selected from the group consisting of
a hydroxide or oxide of alkali metal and alkaline earth
metal.

46. The process according to claim 45, wherein the acidic
material are chosen according to the tetraalkyl ammonium
salt of the complex base catalyst and the base are chosen
according to the base of the complex base catalyst.

47. The process according to claim 45, wherein the acidic
material is selected from the group consisting of hydrochlo-
ric acid, sulfuric acid, nitric acid, carbonic acid, sodium
bicarbonate, a combination of carbon dioxide and water, and
a combination of sulfur trioxide and water.

48. The process according to claim 27, wherein the
hydrogenation catalyst comprises an active component
selected from the group consisting of a Group VIII element,
Cu, Cr, Za and Mn, and optionally a co-catalyst component.

49. The process according to claim 27, wherein the
hydrogenation catalyst is a powdery composite catalyst
comprising nickel, aluminum, and a component A, said
component A is at least one selected from the group con-
sisting of Fe, Cu, Co, Mn, Cr, Mo, B, and P.
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50. The process according to claim 49, wherein nickel is
at a range from about 25 to 99.9 wt %, and a total of
aluminum and the component A is at a range from about 0.1

075w %.

51. The process according to claim 27, wherein the step
iif) hydrogenation reaction is carried out with hydrogen as
reducing agent; a volume ratio of gas to liquid is in a range
of from about 10:1 to 1500:1; a weight ratio of solid to liquid
is in a range of from about 0.5:100 to 16:100 when a
non-fixed bed hydrogenation process is used; and a weight
ratio of solveat to step ii) condensation liquid from which
the complex base catalyst has been separated in a range of
from about 1:10 to 5:10;

wherein the liquid includes solvent and step ii) conden-
sation liquid from which the complex base catalyst has
been separated, and the solid represents the bydroge-
nation catalyst; :

wherein step iii) hydrogenation reaction is cmicd out at
a temperature of about 50 to 150° C., a pressure of
about 0.2 to 6.0 MPa (absolute pressure), and a reaction
time ranges from 2 to 7 hours,
52. The process according to claim 50, wherein the
powdery composite catalyst is prepared by

mixing powdery nickel, powdery aluminum, and the
component A in the weight range to obtain a mixture,

melting the mixture,

pulverizing the melt mixture into powder after discharg-

ing and quenching, and

treating the pulverized powder with an aqueous solution

of a hydroxide.

53. The process according to claim 27, wherein a solvent
for the hydrogenation reaction of step iii) is selected from
the group consisting of an alcohol, water, and a mixture
thereof.

54. The process according to claim 27, further comprising

scparating, recovering, and reusing the hydrogenation
catalyst after the hydrogenation step iii),

wherein the hydrogenation catalyst is optionally at least

partially regenerated prior to being reused. )

55. The process according to claim 49, wherein a mag-
netic separator is used to recover magnetic powdery com-
posite catalyst at step iv).

56. The process according to claim 55, wherein the
powdery composite catalyst is spent and regenerated by
treating with ultrasonic vibration, or strong base, or both.

57. The process according to claim 27, wherein the
recovered powdery composite catalyst is conveyed back to
the hydrogenation step reactor via a Venturi tube.
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58. The process according to claim 27, wherein the step
v) refining is performed in a three-column continuous pro-
cess and a batch rectification process,

-~ - ~ wherein column 1, 2,-and-3 are-operated at a -pressure -

ranging independently from about 0.09 to 0.098 MPa;
a still temperature of from about 260 to 290° C., from
about 260 to 300° C., and from about 120 to 170° C.,
respectively; a reflux ratio of from about 2:1 to 10:1,
from about 1:0.5 to 1:4, and from about 1:0.5 to 1:2,
respectively; and the batch rectification column is oper-
ated at a pressure of from about 0.09 to 0.098 MPa, and
a still temperature of from about 280 to 330° C.

59. A process for preparing 4-aminodiphenylamine com-

prising the steps of:

(i) continuously feeding nitrobenzene, aniline, and a com-
plex base catalyst to condensation reactor via metering
pumps, and allowing them to react to form a conden-
sation liquid containing 4~mtrod1phcnylamme, 4-ni-
trosodiphenylamine, and salts thereof;

(ii) continuously feeding the condensation liquid to a
separation I reactor, where the complex base catalyst is
recovered by neutralizing the condensation liquid with
an acidic material to conduct se¢paration and obtain an
aqueous phase, basifying the aqueous phase by a base,
and recycling the recovered complex base catalyst to
the condensation reactor;

(iif) continuously feeding liquid from the separation I
reactor and a hydrogenation solvent to a hydrogenation
reactor, and allowing to react with hydrogen gas in the
presence of a powdery composite catalyst to form a
hydrogenation liquid containing 4-aminodipheny-
lamine;

(iv) feeding the liquid from step iii) to a sepmtion II
reactor, where the powdery composite catalyst, which
is to be recycled to the hydrogenation reactor directly
or after being at least partially regenerated, aniline,
which is to be recycled to the condensation reactor, and
optionally, hydrogenation solvent, which is to be
recycled to the hydrogenation reactor, are obtained;

(v) feeding crude 4-aminodiphenylamine, from which
most of aniline has been separated in step iv), to a
refining reactor, where partial aniline, which is to be
recycled back to the condensation reactor, and refined
4-aminodiphenylamine are obtained, and refined
4-aminodipheylamine is obtained.

® % %x & *
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controlled amount of protic material to produce one or more 4-ADPA intermediates.”
(CFF 287 - 289,310 -312))

Respondents’ expert, Dr. Fu, conceded that if Flexsys’ proposed claim
construction of “controlled amount of protic material” is adopted, then Sinorgchem’s
process literally meets that element of the claims of the patents-in-suit. (CFF 418.)
Respondents raise no other non-infringement argument. Thus, the issue of literal
infringement hinges on the proper interpretation of “controlled amount of protic
material.”

In plain English, the reaction occurs “in the presence of . . . a controlled amount
of protic material.” (CFF 288 —289, 311 — 312.) The patent teaches that protic material
must be controlled between a maximum and a minimum in order to obtain high
conversion of nitrobenzene and to maintain selectivity of the desired 4-ADPA
intermediates. (CFF 333, 334.) The patent also teaches that the maximum and minimum
depend on the reaction conditions, including as the type and amount of base, and other
conditions (CFF 332, 346.)

The proper construction of “controlled amount of protic material” is an amount up
to that which inhibits the reaction of aniline and nitrobenzene and a minimum amount
necessary to maintain selectivify. (See Section V. B., infra.) This construction is
consistent with all of the teachings of the patent. It is consistent with Example 10, in
which an excess of aniline is used as the solvent, and which provides the best results of
all of the examples in the ‘063 patent: 100 percent of the nitrobenzene is converted into

product, and of that, 92.8 percent are 4-ADPA intermediates. (CFF 263 —269.) As both



Example 8 of the ‘063 and ‘111 Patents

Volume % Yield (mmole) | % Yield of % Selectivity
(uL) Water | % Water | Conversion 4-NDPA + 4-NDPA + of 4-NDPA +
Added Nitrobenzene | p-NDPA p-NDPA p-NDPA
0 23 89 1.5 78.9 88.7
50 3.5 73 0.99 52.1 71.4
150 6 63 0.62 32.6 51.7
300 9.75 12 0.23 12.1 101
500 14.7 3 0.05 2.6 86.7

Nitrobenzene is 1.9 mmole, aniline is 2.1 mmole, and tetramethylammonium hydroxide

dihydrate is 2.5 mmole

2. % Conversion = (molar amount of nitrobenzene consumed) / (molar amount of added
nitrobenzene)

3. % Yield of 4-NDPA and p-NDPA = (molar amount of 4-NDPA and p-NDPA produced) /
(molar amount of added nitrobenzene)

4, % Selectivity of 4-NDPA and p-NDPA = (molar amount of 4-NDPA and p-NDPA
produced) / (molar amount of nitrobenzene consumed)

5. % Selectivity of 4-NDPA and p-NDPA = (% Yield of 4-NDPA and p-NDPA) / (%

Conversion)



PUBLIC VERSION

» CONFIDENTIAL BUSINESS INFORMATION SUBJECT TO PROTECTIVE ORDER <

UNITED STATES INTERNATIONAL TRADE COMMISSION
WASHINGTON, D.C.

Before the Honorable Paul J. Luckern

In the Matter of

CERTAIN RUBBER ANTIDEGRADANTS,
COMPONENTS THEREOF, AND
PRODUCTS CONTAINING SAME

Investigation No. 337-TA-533

POST-HEARING BRIEF OF RESPONDENTS SINORGCHEM CO.,
SHANDONG, KOREA KUMHO PETROCHEMICAL CO., LTD.

AND SOVEREIGN CHEMICAL COMPANY



PUBLIC VERSION

» CONFIDENTIAL BUSINESS INFORMATION SUBJECT TO PROTECTIVE ORDER <

In sum, the express definition of "controlled amount of protic material” in the patents
provides for an about 4% upper limit on water, when aniline is the solvent.

V. NON-INFRINGEMENT

A, Legal Standards

1. The Burden of Proof Is on the Complainant

In a Section 337 investigation of alleged infringement of a patent process, as here, the
complainant has the burden of proof that the imported goods have been made by the patented
process. In order to carry its burden, Flexsys must establish the alleged infringement by a
preponderance of the evidence, Ultra-Tex Surfaces, Inc. v. Hill Bros. Chem. Co., 204 F.3d 1360,
1364 (Fed. Cir. 2000); Rohm and Haas Co. v. Brotech Corp., 127 F.3d 1089, 1092 (Fed. Cir.
1997).

2. Infringement Can Be Direct or Indirect

An entity may be shown to infringe an asserted claim of a patent either directly or
indirectly. Direct infringement is governed by Section 271(a). 35 U.S.C. § 271(a). Indirect
infringement is governed by Sections 271(b) and (¢). 35 U.S.C. §§ 271(b) and (c).

In order to directly infringe a process claim, a party must perform each and every recited
step of the claimed process. RF Delaware, Inc., v. Pacific Keystone Techs., Inc. 326 F.3d 1255,
1267 (Fed.» Cir. 2005); Canton Bio-Medical, Inc. v. Integrated Liner Techs., Inc., 216 F.3d 1367,
1370 (Fed. Cir. 2000); Joy Techs., Inc. v. Flakt, Inc., 6 F.3d 770, 773 (Fed. Cir. 1993). This rule
applies to determining direct infringement ﬁnder Section 271(a) and to determining infringement
under Section 271(g), which prohibits the importation, sale, or use within the United States of a
product made outside the United States by a process patented in the United States. See dvery
Dennison Corp. v. UCB Films PLC, 1997 WL 665795, at *2 (N.D. Ll1. Oct. 20, 1997) (court held

"like §271(a), §271(g) imposes liability for direct infringement,” and found no direct
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infringement where defendant was alleged to have performed only the initial step of the process
patent),

Indirect infringement may be established by proving a party actively induced
infringement by another. 35 U.S.C. § 271(b). There can be no inducing infringement without
proof of direct infringement by another. Joy Techs., 6 F.3d at 774-775. In order to establish
inducing infringement, Flexsys must show that Sinorgchem or KKPC knowingly and
intentionally caused another to directly infringe an asserted claim. MercExchange, L.L.C. v.
eBay, Inc., 401 F.3d 1323, 1332-33 (Fed. Cir. 2005); Hewlett-Packard Co. v. Bausch & Lomb,
Inc., 909 F.2d 1464, 1469 (Fed. Cir. 1990).

Indirect infringement may also be established by proving a party contributed to
infringement by another. 35 U.S.C. § 271(c). Contributory infringement requires proof that a
party offered to sell, sold, or imported into the United States a component of a patented apparatus,
or a material or apparatus for use in practicing a patented process, constituting a material part of
the invention, and knowing the component, material, or apparatus to be especially made or
adapted for use in infiinging the patent, the component, material, or apparatus not being a staple
article of commerce having a substantial non-infringing use. 35 U.S.C. § 271(c); Hewlett-
Packard Co., 909 F.2d at 1469. There can be no contributory infringement without proof of
direct infringement by another. Joy Techs., 6 F.3d at 774-775.

| 3 Literal Infringement and Doctrine of Equivalents

Infringement can be found "literally" or under the so-called "doctrine of equivalents." In
order to prove literal infringement, Flexsys must show that each and every element of an asserted
claim is present exactly in an accused Sinorgchem or KKPC process. Strattec Sec. Corp. v. Gen.

Auto. Specialty Co., Inc., 126 F.3d 1411, 1418 (Fed. Cir. 1997). In order to prove infringement

under the doctrine of equivalents, Flexsys must show that an accused process contains each and
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every element of an asserted claim or its substantial equivalent. Warner-Jenkinson Co., Inc. v.
Hilton Davis Chem. Co., 520 U.S. 17, 39-40 (1997). An element of an accused device or process
can be found to be an equivalent of a recited claim element if it differs only insubstantially from
the claimed element. Jd. For example, an accused element may be found to be the substantial
equivalent of a claim element if it performs substantially the same function, in substantially the
same way, to produce substantially the same result as the claimed element. Graver Tank & Mjg.
Co., v. Linde Air Prods. Co., 339 U.S. 605, 608 (1950); Tanabe Seiyaku Co., Ltd. v. Int'l Trade
Comm'n, 109 F.3d 726, 732 (Fed. Cir. 1997); Spectra Corp. v. Lutz, 839 F.2d 1579, 1582 (Fed.
Cir. 1988). Applied to process claimsg, it has been held that infringement under the doctrine of
equivalents requires proof that the accused process "perform(s] substantially the same steps as
the patented process, in substantially the same way, to obtain the same result." Fromson v.

Anitec Printing Plates, Inc., 132 F.3d 1437, 1446 (Fed. Cir. 1997).

4, Infringement Analysis is a Two-Step Process
The determination of whether an accused product or process infringes a patent, either

directly or indirectly, is a two-step process. First, as a matter of law, the Court must determine
“the meaning and scope of the patent claims asserted to be infringed." Markman, 52 F.3d at 976;
see also Regents of the Univ. of Cal. v. Eli Lilly & Co., 119 F.3d 1559, 1572 (Fed. Cir. 1997).
Second, the properly construed claims are compared to the accused process. See
Markman, 52 F.3d at 976; Regents, 119 F3d at 1572. The comparison is made to determine
whether every claim limitation is present in the accused process either literally or equivalently.

See generally Cole v. Kimberly-Clark Corp., 102 F.3d 524, 532 (Fed. Cir. 1996).
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B. The Sinorgchem Process Does Not Literally Infringe
Because It Lacks a "Controlled Amount of Protic Material''

For literal infringement, each limitation of a claim must be satisfied exactly. See Strattec
Sec. Corp., 126 F.3d at 1418; see also Telemac Cellular Corp. v. Topp Telecom, Inc., 247 F.3d
1316, 1330 (Fed. Cir. 2001) ("Any deviation from the claim precludes such a finding [of literal
infringement]." (internal citation omitted)); Mas-Hamilton Group v. LaGard, Inc., 156 F.3d 1206,
1211 (Fed. Cir. 1998) ("To prove literal infringement, the patentee must show that the accused
device contains every limitation in the asserted claims . . . . If even one limitation is missing or
not met as claimed, there is no literal infringement.” (internal citations omitted)).

As shown earlier, the '063 and '111 patents expressly define a "controlled amount of

protic material" to mean that the water must be less than about 4%, when aniline is the solvent.

] For

this reason, the Sinorgchem process does not literally meet the claim limitation of "controlled

C

amount of protic material" and, therefore, does not literally infringe the asserted claims of the

‘063 and '111 patents.

C. Sinorgchem's 4-ADPA and 6PPD Processes Do Not
Infringe Under the Doctrine of Equivalents!!

Flexsys is precluded from relying on the doctrine of equivalents as a matter of law

because:

e it disavowed claim coverage for processes having more than about 4% water, when
aniline is the solvent; and

! Although the ALJ allowed Flexsys to pursue this argument, Respondents maintain their
objection that Flexsys has waived any argument of infringement under the doctrine of equivalents by
failing to make any such contention in its discovery responses.
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e  Flexsys cannot use the doctrine of equivalents to "vitiate” the claim term “controlled
amount of protic material.”
In any event, the Sinorgchem process is, as a matter of fact, not equivalent to the Flexsys patent

claims.

1. Flexsys Cannot Use the Doctrine of Equivalents
to Erase Its Disavowal of Claim Scope

When a patentee clearly disavows a claim construction, application of the doctrine of
equivalents is precluded. See Astrazeneca AB, 384 F.3d at 1339-40 ("The specification's clear
disavoﬁal of nonsurfactant solubilizers precludes the application of the docttine of equivalents to
recapture the disavowed solubilizers."); Gaus v. Conair Corp., 363 F.3d 1284, 1291 (Fed. Cir.‘
2004) ("Having disavowed coverage of [particular] devices . . . the patentee cannot reclaim that
surrendered claim coverage by invoking the doctrine of equivalents."); SciMed, 242 F.3d at 1345
("A particular structure can be deemed outside the reach of the doctrine of equivalents because
that structure is clearly excluded from the claims whether the exclusion is express or implied.").

Flexsys' deliberate and repeated statements defining the amount of protic material as no
higher than about 4% when aniline is the solvent is a clear disavowal of a process, like
Sinorgchem's,[ _] Indeed, Flexsys clearly emphasized that only
water under about 4% is "acceptable," thereby disavowing water levels over about 4% as
ynacceptable. Sinorgchem's process, as a matter of law, is precluded from infringing the asserted
claims of the '063 and '111 patents by equivalents. |

2. Flexsys Cannot Use the Doctrine of
Equivalents to Vitiate a Claim Limitation

The doctrine of equivalents cannot be used in a manner that would vitiate or eliminate a
claim term, Warner-Jenkinson, 520 U.S, at 29-30. In Warner-Jenkinson, the Supreme Court

urged a "special vigilance against allowing the concept of equivalence to eliminate" a claim
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element. Id. at 40. See also Freedman Seating Co. v. American Seating Co., 420 F.3d 1350,
1362 (Fed. Cir. 2005) ("This is the precise type of overextension of the doctrine of equivalents
that the claim vitiation doctrine is intended to prevent."); Tronzo v. Biomet, Inc., 156 F.3d 1154,
1160 (Fed. Cir. 1998) (a claim for a device with a "generally conical outer surface” was not
infringed by a device with a hemispherical shape because that would have written the limitation
out of the claim.); Phillips Petroleum Co. v. Huntsman Polymers Corp., 157 F.3d 866, 877 (Fed.
Cir. 1998) (court refused to apply doctrine of equivalents in a way that would effectively read the
"block copolymers" limitation out of the claims).
L
]

Flexsys cannot use the doctrine of equivalents to extend the asserted claims to cover any amount
of water, so long as "it works." That would effectively vitiate the claim term "controlled amount
of protic material," as defined by the patentees to limit the water amount to about 4%, when
aniline is the solvent, and is legally impermissible.

3. Sinorgchem's Process Is Substantially
Different From the Claimed Process

Even if Flexsys were not precluded, as a matter of law, from proving equivalents, Flexsys
cannot meet its burden of proving, on a factual basis, that the differences between Sinorgchem's
process and the asserted claims are "insubstantial.” Even if each claim limitation is not satisfied
exactly, infringement can still be found under the doctrine of equivalents, but only where the
difference between the claim limitation and a corresponding element in the accused process is
“insubstantial." See Warner-Jenkinson, 520 U.S. at 39-40. Under the doctrine of equivalents,
"[the patentee] ha[s] a duty to submit evidence tending to show equivalence with respect to

limitations not literally met by the accused infringing device." General Mills, Inc. v. Hunt-
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Wesson, Inc., 103 F.3d 978, 985 (Fed. Cir. 1997) (internal citation omitted). Flexsys has not met
its burden on the issue of equivalents.

The only evidence Flexsys has submitted on infringement under the doctrine of
equivalents is the conclusory and unsupported statements of its expert, Dr. Crich. Dr. Crich
concludes, without any support, that the differences between Sinorgchem's process and the
claimed process are not substantial because "Sinorgchem practices the same fundamental
chemistry." (RFF 5.40.) Dr. Crich offers no data or test results to support his conclusory
opinion. He admitted that he never conducted any tests relating to the Sinorgchem condensation
process and that he considered it "unnecessary” to visit the Sinorgchem facility to observe the
process. (RFF 5.10, 5.11.) Such conclusory, nonparticularized testimony of experts is legally-
inadequate evidence to prove infringement under the doctrine of equivalents. Network
Commerce, Inc.v. Microsoft Corp., 422 F.3d 1353, 1363 (Fed. Cir. 2005) ("Generalized
testimony as to the overall similarity between the claims and the accused infringer's product or
process will not suffice.") "The expert declaration . .. supporting infringement by equivalents
[that] are generalized and do not provide particularized testimony and linking argument on a
limitation-by-limitation basis" will not defeat summary judgment of noninfringement under fhe
doctrine of equivalents. Jd See also Texas Instruments, Inc. v. Cypress Semiconductor Corp.,

90 F.3d 1558, 1568-69 (Fed. Cir. 1996) (patentee failed to provide evidence sufficient to support

| a finding of equivalence.) Flexsys has not met its legal burden under the doctrine of equivalents.

In contrast to Dr. Crich's conclusory and unsupported opinion, Sinorgchem has
established that there are numerous, substantial differences between the Sinorgchem process and

the claimed prdcess.
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L

] The specific
language in the specifications of the two patents, coupled with Examples 3 and 8, admonishes

“one of ordinary skill in the art not to use more than 4% water in the reaction when aniline is the

solvent. C

]Moreover, one of ordinary skill in the art would interpret about 4% to be at

most 4.49%. (RFF 427) [

] Tanabe, 109

F.3d at 732 ("the claim language itself, and the specification, suggest that substituting butanone
for acetone is not an insubstantial change™).

Second, Mr. Wang described how Sinorgchem conducted numerous laboratory tests and

pilot plant tests between 1998 and 2000 in order to develop its process. (RFF 3.11 - 3.14)

C

]Thus, while Sinorgchem's conduct is evidence that it designed around the

2 Sinorgchem's expert, Dr, Fu, is more credible than Dr. Crich, since Dr. Fu observed and
learned about the Sinorgchem process during a visit to the Sinorgchem facility in China in August of
2005. (RFF 5.7.)
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063 and '111 patents, Sinorgchem's extensive research efforts lead to the conclusion that

E Jis not interchangeable with the teachings in the ‘063 and ‘111
patents that less than about 4% water is necessary when aniline is the solvent. fd. ("The
extensive experimentation performed by Fermien, [the alleged infringer] which involved a
variety of solvents, bases and reaction conditions, suggests that Fermien's activities are better
described as designing around . . . . Moreover, these experiments support the conclusion that
butanoane is not readily interchangeable with acetone in the claimed process.").

Third, another significant feature of the Sinorgchem process is[

Indeed, according to Sinorgchem's published U.S. Patent Application, the increased level of

water in the Sinorgchem process does not decrease the selectivity of the desired products or

1 adversely affect the conversion rate. (RFF 5.23, 5.24, RX-5.25, RX-707 at ] [0051].) Moreover,

| C

:]Spectra Corp. v. Lutz, 839 F.3d 1579 (Fed. Cir. 1988).
Fourth, in addition to the differences in the water content, there are additional substantial

differences between the Sinorgchem process and the claimed process. [
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i}

Fifth, Sinorgchem also uses unique equipment in its process, further demonstrating that

its process does not produce 4-ADPA in the same way as the process claimed in the '063 and

'111 patznts.[:

J These unique features further establish that the differences between Sinorgchem's

process and the claimed process are substantial.
In sum, Flexsys is precluded, as a matter of law, from relying on the doctrine of
equivalents because of its express disavowal of claim scope and the law prohibiting vitiation of

claim limitations. Moreover, if one were to consider the factual issues underlying equivalents,

B Flexsys' expert, Dr. Crich, had little or no understanding of the equipment used in
Sinorgchem's process, such as the falling film reactor and the ultrasonic reactor. (RFF 5.31, 5.33, 5.36.)
Moreover, he declined to visit Sinorgchem's production facilities. (RFF 5.10.) Thus, Dr. Crich, could not
offer and has not offered any persuasive testimony on these issues.
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Flexsys has not come close to satisfying its burden of proving infringement under the doctrine of
equivalents.

D. Sinorgchem Does Not Indirectly Infringe

Flexsys cannot prevail in proving that Sinorgchem indirectly infringed any of the asserted
claims. To prevail on its theory of indirect infringement, Flexsys must first prove that
Sinorgchem directly infringed the asserted claims. See Dynacore Holdings Corp. v. U.S. Philips
Corp., 363 F.3d 1263, 1274 (Fed. Cir. 2004). As shown above, the Sinorgchem process does not
infringe, literally or under the doctrine of equivalents. Thus, in the absence of such direct

infringement, there can be no liability for inducing infringement or contributory infringement. Id

E. KKPC's Commercial 6PPD Processes Do Not Directly Infringe
KKPC produces 6PPD commercially under the trade name Kumanox-13. (RFF 3.88,

3.89, 5.46.) [_’_

jl

Flexsys contends that KKPC's process for producing Kumanox-13 directly infringes
process claims 30 and 61 of the '063 patent and process claims 7 and 11 of the '111 patent.
Claim 30 of the '063 patent and claim 7 of the '111 patent are both directed to a process for
producing 4-ADPA. (RFF 1.38, 1.39, 2.2, 2.4.) Each of these claims recites three primary 'stcps:
(a) bringing aniline and nitrobenzene into reactive contact; (b) reacting the aniline and
nitrobenzene in the presence of a suitable base, suitable solvent and controlled amount of protic
material to produce 4-ADPA intermediates; and (c) hydrogenating the 4-ADPA intermediates to
produce 4-ADPA. (RFF 2.2, 2.4.) Claim 61 of the '063 patent and claim 11 of the '111 are both
directed to a process for producing 6PPD. (RFF 1.38, 1.40, 2.3, 2.5.) These claims recite four

primary steps, the first three of which are essentially identical to the first three steps of claims 30
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Sinorgchem's process literally meets that element of the asserted claims of the patent-in-suit."
(Flex. Br. at 3, CFF 418.) Quite the contrary, Dr. Fu clearly said Sinorgchem's process would
not infringe the asserted claims, even under Flexsys' proposed claim construction, because one of
ordinary skill in the art would still go to the express definition of controlled amount of protic
material in column 4 of the specification of the '063 patent and conclude that, when aniline is the
solvent, the "maximum" amount of water must be about 4%:

So I would say that even with Dr. Crich's [Flexsys'] claim

construction, as I said, the test of the specification doesn't change,

there is explicit discussion in four different places in column 4

about 4 percent water, and, again it specifically addresses the issue
in which aniline is a solvent and TMAH is the base.

(Fu, Tr. 1468:6-12, RFF 4.46.) Therefore, even under Flexsys' overbroad claim construction
requiring a "maximum," the patentees' express definition of "controlled amount of protic
material,” when aniline is the solvent in column 4 of the '063 patent, would lead to the
conclusion that Sinorgchem's process, which always has significantly more than about 4 percent

water, does not infringe the asserted claims.

B. Flexsys Has Failed To Prove Infringement Under The Doctrine Of
Equivalents '

As described in detail in Respondents' Post-Hearing Brief, Sinorgchem's proéess does not
infringe under the doctrine of equivalents for two legal reasons. (Resp. Br. at 44-51.) First,
Flexsys cannot use the doctrine of equivalents to erase its disavowal of claim scope. (See Resp.
Br. at 44-46.) Second, Flexsys cannét use the doctrine of equivalents to vitiate the "controlled
amount of protic material" lclaim limitation. (See Resp. Br. at 45-46.) Flexsys has not addressed
either of these legal arguments. |

The factual issues regarding the doctrine of equivalents relate to whether the accused

Sinorgchem process has an equivalent feature to the claimed limitation of "controlled amount of
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protic material." Flexsys has chosen to ignore the clear definition of controlled amount of protic
material when aniline is the solvent that the patentees set forth in the '063 patent and reaffirmed
in the '111 patent. Instead, rather than focusing on this claim limitation, Flexsys recites a litany
of other unrelated reaction variables and then concludes, again without explanation, that
Sinorgchem's process is equivalent to the process set forth in the asserted claims. (Flex. Br. at
63-67.) Moreover, Flexsys improperly bases its equivalence argument on a comparison of
Sinorgchem's process and examples in the patents. (Flex. Br. at 63-67.) See Johnson &
Johnston Assoc. Inc. v. R.E. Service Co., Inc., 285 F.3d 1046, 1052 (Fed. Cir. 2002) (en banc)
("Infringement, either literally or under the doctrine of equivalents, does not arise by comparing
the accused product with a preferred embodiment described in the specification.").

The reaction conditions relied upon by Flexsys (e.g., temperature, pressure, yield,
selectivity, base) do not relate to the claim limitation at issue: a controlled amount of protic
material. For example, the fact that Sinorgchem "varied the temperature” does not relate to the
question of whether Sinorgchem uses a controlled amount of protic material in its process.® It is
a fundamental principle of patent law that the patentee assérting infringement under the doctrine
of equivalents has "a duty to submit evidence tending to show equivalence with respect to

limitations not literally met by the accused infringing device." General Mills, Inc. v. Hunt-

. Wesson, Inc., 103 F.3d 978, 985 (Fed. Cir. 1997); see also Warner-Jenkinson Co. v. Hilton Davis

Chem. Co., 520 U.S. 17, 39-40 (1997). Flexsys has not presented such evidence and, thus, has

not met its burden of showing infringement under the doctrine of equivalents.

8 Moreover, Flexsys® insistence that its claimed process can cover any pressure, temperature,

yield, base or amount of protic material, without providing any quantifiable guidelines,
accentuates the indefiniteness of the claims under Flexsys’ claim construction.
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The only basis for Flexsys' argument on equivalents is Dr. Crich's conclusory opinion
that, since "Sinorgchem's process practices the same basic chemistry as taught in the patents," it
must be equivalent. (Flex. Br. at 63; CFF 432.) This opinion is devoid of factual support and
linking arguments on a limitation by limitation basis and is, thus, insufficient to establish
infringement as a matter of law. Network Commerce, Inc. v. Microsoft Corp., 422 F.3d 1353,
1363 (Fed. Cir. 2005). Moreover, that opinion is factually flawed. Flexsys never identifies the
basic chemistry. If that "basic chemistry" is reacting aniline and nitrobenzene in the presence of
base to produce a 4-ADPA intermediate, that "basic chemistry" was taught by Wohl in 1903 and
again described in 1947 by Welcher. (RX-857.) Welcher, citing Wohl, specifically teaches
reacting aniline and nitrobenzene in the presence of base to produce a 4-ADPA intermediate, 4-
NODPA. (RX-857 at SCS014063.) Therefore, there can be no infringement under the doctrine

of equivalents simply based on Sinorgchem reacting aniline and nitrobenzene in the presence of

a base.
The clear fact is thatC
J Flexsys does not dispute, indeed it has no basis to dispute, the factE
jThis feature alone demonstrates that there
1s no equivalence.[ ]

?  Flexsys mischaracterizes Dr. Fu’s testimony when it asserts that Dr. Fu agreed that the

reactions could be run at more than 4% water when aniline is the solvent. (Flex. Br. at 63-64.)
Dr. Fu testified that it would not be “impossible” to run the reaction using more than 4% water,
but that is not the point. The point is that the patentees unequivocally defined “controlled
amount of protic material” as about 4% water when aniline is the solvent. That definition is
controlling, not what might be theoretically possible.
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|

In sum, the Sinorgchem process does not have a controlled amount of protic material or

its equivalent.

C. The Commission Should Rule On The Issue Of Whether KKPC's P1/P2
Processes Infringe The Patents-In-Suit

ITC precedent and policy dictate that the Commission should rule on the issue of whether
KKPC's P1 and P2 processes infringe the patents-in-suit. As requested by the ALJ, this issue has
been fully briefed in KKPC's Opposition to Complainant's Motion to Strike Testimony and
Exhibits Regarding Whether KKPC's P1 and P2 Processes Infringe U.S. Patent Nos. 5,117,063
and 5,608,111, filed concurrently with this Rebuttal Post-Hearing Brief. KKPC's arguments as
set forth in its Opposition are incorporated by reference as if fully set forth herein.

IV. FLEXSYS CANNOT ESTABLISH THE TECHNICAL PRONG OF DOMESTIC
INDUSTRY

Flexsys cannot show that its process practices any of the asserted claims of the '063 and
'111 patents. Each asserted claim includes the limitation of a "controlled amount of protic
material." (CFF 288-289, 311-312; SFF 50; RFF 4.4.) There is no dispute that the Flexsys

process — as implemented in the Antwerp plant — couples aniline and nitrobenzene in the

C

N
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of the Graham factors constitutes grounds for reversal of an obviousness determination.

Richardson-Vicks Inc., 122 F.3d at 1483-84; Ruiz, 234 F.3d at 660, 663-64.

Respondents contend that the asserted claims of the ‘063 and ‘111 patents are rendered
obvious by the Wohl 1903 Article. RPHB at 65.

1. Scope and Content of the Prior Art

The Staff agrees with Respondents’ contention that the Wohl reference discloses the only
allegedly novel aspect of the patents at issue. Specifically, Wohl discloses the same starting
materials and the same reaction materials to produce the same 4-ADPA intermediate products by
reacting aniline and nitrobenzene with a suitable base. RPHB at 67, 70. Anticipation is avoided,
however, because the asserted claims add steps whereby the 4-ADPA intermediates are converted
into 4-ADPA, and/or further éonverted into 6PPD. Rains, Tr. 786; Beckman, Tr. 1952.

The Staff does not believe that Respondents have demonstrated that one of ordinary skill in
the art would have combined Wohl with any reference because Wohl taught away from the
inventions at issue. Bashkin, Tr. 2111-12

2. Secondary Considerations

The Wohl disclosure that Respondents rely upon was published in 1903. Despite its early
publication, Wohl’s disclosure was not used as a basis of arriving at any of the claimed inventions
prior to their critical dates. The Staff believes that the foregoing is strong evidence of non-
obviousness.

C. Indefiniteness Under Section 112, 2

Section 112, paragraph 2, reads as follows:
PAGE MAY CONTAIN CONFIDENTIAL BUSINESS INFORMATION
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eiper wissrigen Ammonntipyrinlémng mit J-proc. wihssriger Pikrin-
shureldsung erhalten. Als ich mit einer mir vou Hrn, Prof. Kanorr
in liebenswiirdiger ‘Weise Gberlassenen Probe von Aminoantipyrin ein
Pikrat nach meiner Methode herstellte, echielt ich ebenfalls die Sab-
stanz vom Schmp. 183—184%

Bei der Spaltung des Condensationsproducts mit verdilnnter
Schwefelafiore eatstehen eomit Isatin und Aminoantipyrin.

benzol und Anilin bei Gegenwart von Alkasll.
(Mittheilnag aus dem I. Berlioer Univarsitiits-Laboratorium.)
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' Es ist oanmehr gelungen anch das Product der Nebenreaction in
.der Pararsihe bei Auweseunbeit von Anilip aofeafioden, und ewar
‘bleibt bier, wie g0 hiufig, das Zwischenprodact erbalten, weil im
~Gegensatz zor-Orthoreibe die weitere Condensation unter Ringbildung
‘nicht méglich, bezw. nicht begSnatigt ist. Wird die whasrig-alkalische
Lbsung der Schmelze ans Nitrobenzol, Anilin ond Alkali mit Kohfen-
sfare bebandelt, so erb&lt man in eiver Ausbeute, die etwa der s0nst
‘entstehenden p-Nitrophenolmenge entspticht, O. Fischer's p-Nitroso-
diphenylamin. Die Reaction verlfuft slso nnrweifelbaft nach der
-Gleicheng :

CH N e By N.GHy — B0 -

= GHEY O y CeHe<N oty ()
Oximform Nitrosoform

Der experimentelle Nacbweis, dsss der Vorgang in der Para-
reihe vom Nitrobenzol zu einer Verbinduog der Nitrosoatafe
fohrt. bietet eine erwiinschte Beatkitigung fir die obige Annahme eines
noalogen Verlaufs der Haoptreaction in der Ortboreihe. ‘Bel dieser
-Gelegenheit wnrde gefunden, dass das p-Nitrosodipbenylamin durch
-aslzeaures Hydroxylamin in Chinondioxim dbergefihrt wird, pach
-dieser Richtang bin also jedenfalls im Sione der obigen Oximformel

Cs H‘<§:8§L reagirt.
30 g Anilin und 30 g Nitrobenzol werden mit l20g fein gvpul-
«wertem, gauz frocknem Aetznatron gemischt und in einem weiten

Reagensglate im Qelbade auf 110—120" echitzt. Das Gemenge wird
hiufig mit einem Glaestabe umgerihrt, flirbt sich dana nach kurzer

.Zeit broon uod wird beim Eintreten der Reaction zunachst dianfidssig.

.Die Temperatur wird jetzt zwischea 120 —125* gehalten. Hierbei

" beginot die Masse bald sich dunkler zu firbep, erst dickflissig uund

-nach eiviger Zeit riemlich hart zu werden, Wean die Masse in

-diesem Zustunde -ist, koon man die Reaction fir beendet ansehen.

Das beim Erkelten vollstandig bart werdende Reactioneproduct wird
-am besten noch beiss o cn. 1 L Wasser gebracht. Zum besseren
Austaugen des Aetznatrons erwirmt wan es auf einem Wasserbade
-uad &sst es dano in einer Eismischung erkaltem, bis die entstandene
Base und das Azobenzol wieder krystallisirt sind. Jetzt sangt man die
.alkaliacke Flussigkeit durch ein gehfirtetes Filtar sb und wischt den
festen Rickstand zur Beseitigung des an ihm noch haftenden Alkalis
-mebrmals mit Wasser aus. Die stark alkalische Flassigkeit wird mit
Kohlensiure’ behandelt. Nach etwa 2-stiodigem Einloiten wird von
-den ausgefalleneh, schwarzblauen Nadeln abfltrirt und in das Filtrat
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dochmals eine bis zwei Stonden Koblensiare eingeleitet. Die jetst
aoch ausgefiliten Krystalle werden sgugleich mit dea zuerat erhaltenen
amkrystallisirt Die Ausbeute betrigt nach elomiligem Krystallisiren
aus Alkohol 1.6 g. Reiver wird die Subetant so erbalten, dass man
die alkoholische Ldsang bis zur beginneaden Emuleion mit Wasser
verdiinot und einige Zeit stehen liset. Dann fallen glinzende, blaa-
echwarz gefirbte, lange Nadeln aus, die nsch nochaaligem Umkry-
stallisiren bei 145° (corr.) schmelzen.

0.1831 g Sbst.: 0.4878 g COy, 0.0842 g H10. — 0.1542 g Shet.: 19.3 ccm N
{24%, 760 mm).

CisHigONs.  Ber. € 72,72, H 5.05, N 14.14,
Gel, » T2.63, » 512, » 18.94.

0.1101 g Sabstanz wurden in 16.822 g Benzol geldst und ernie-
drigte. dea Schmelzpunkt om 0.170°. Mol-Gew. 190 gef; ber. fir
CuH s ONy 198.

Beim Vergleich mit dem aaf andere W eise dargestellten p-Nitroso-
dipheaylamin ergal sich die t8llige Uebereinatimmung der beiden
K&rper in Berug auf physikalische Eigenschaften und chewminche

Reactionen. Das Benzoat zeigt den Schmp. 158° (corr.)®).

Eiowirkung von salzsaurem Hydroxylamin.

600 ccm Wasser wurden mit 4 g Nitrosodiphenylamia und 3.5 g
salzsaurem Hydroxylamin unter bestdodigem RGhren zum Sieden
erbitzt. bis die blauen Krystalle vBllig gelést waren. Nach Entfer-
mung einer geringen Meoge achwarzer Zersetzungsproducte schieden
sich aus dem tiefrothen Filtrat beim Erkalten feime, rithliche Nadela
sb, die durch einmaliges Umkrystallisiven sus siedendem Wasser unter-
Zusatz von Thierkohle naheyu farblos wurden. Damit die Krystalle
sich picht in wasserhaltigem Zustande sbscheiden, muse nach dem
Abfiltricen von der Thierkohle die hesse, heligelbe Liisung miiglichat
schuell gekiiblt werden. Ausbeate 1.2 g. Beim Erhitzen der Sabstanz
dber 2007 erfolgt allmihliche Zersetzang, dle gegen 230—-240° voll-
stindig wird.

0.101:8 g Shat.: 0.205¢ g COy, 00480 € Hy0. — 0.1284 g Sbst.: 21.7 ccn N
(170, 358 8 mm).

CeHeOyNy. Ber, C 52.18, H 435, N 20.29,
Gef, o 52.43 o 449, » 2042,

Diese Znhlen heuen anf Chmondlonm schheuen. In der -

That stelito sich heraus, dass dae erhaltene Product ia seinen Zasseren
Eigenschaften sowoh! wie in seinen Reactionen dem schon aaf andere

-
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Weise dargestellten und mehefach beschriebenen Chinondioxim vallig

glich.
Aus dem tiefrothen Filtrat kounte weder durch Eiudunsten im
Vacaom, noch darch Auséthern, noch durch Wasserdampfdestillation
sin einheitliches Product isolirt werden. Da bei der Reaction Anilin
entstehen muess, dos sich im Filtrat nicht nachweisen 1Asst, so ist an-
zanehmen, dass das salzsmure Anilin im Entatehungszustande sich mic
einem Theil des p-Nitrosodiphenylamine za Azophenin und anderen
Farbstoffen omaetat. '
Darstellung der dem p-Nitrosodiphenylamin entspre-
chenden Naphtoverbindong. -

20 g e-Napbtylamin wurden it 17 g Nitrobenzol und 100 g gv-

polvertem Natronhydrat gemischt und im Oelbade auf 115—120% er-

bitet, bis das Gemenge nach volliger Verflissigang wieder fest ge-
worden war. Das Reactionsprodact wurde daon unter gelindem Er-
whrmen mit einem Liter Wasser ausgelaugt, die so gewonuene alka-
lische Fi3ssigkeit ausgeithert und Koblensfiure eingeleitet. Hierbei
fielen 0.17 g eives brauven, amorphen, dis Filterporen leicht versto-
pfenden Pulvers aus. Dasselbe wurde in Alkobol gelSet nud bis zur
bleibenden Emalsion mit Wasser verddont,

Im Verlaufs von mehreren Tsgen aschieden sich feine, Llaue
Nadeln ab, deren Aussehen sebr an das p-Nitrosodiphenylamin er-
innerte, ond die auch eimen nhherliegenden Schmp. (1438%) zeigten.
Jedoth warde durch das Zusammeamischen beider Subatanzen der
Schmelzpunkt um 23° erniedrigt, wodurch bewiesen ist, dass Identitit
nicht bestebt, Schwefelagure 13st das p-Nitrosodiphenylamin mit roth.
brauuer, das nene Product mit grimer Farbe. Auf eine Analyse des-
selben mueste wegen der #usserst geringen Rejoausbeute verzichtet
werden. Doch kano man wolil anuehoien, dass die dem p-Nitroso-
dipbenylamin entsprechende Naphtoverbindung vorliegt.

Warde derselbe Versuch mit p-Naphtylamin ausgefihrt, <o blieb
die alkalische Lauge bei der Bebaudlung mit KohlensXare kilar, des-
gleichen bei Auwendung vou ¢-Nitrotoluol,

Die vorstehend beschriebenen Versuche siod voa Hrn. W. Aue?)
begonnen und von O. Ablert?) fortgesetzt worden.

1) Dissert., Berlin 1902, %) Dissert., Berlin 1903.
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695. A. Wohl: Relating to the reaction between nitrobenzene and aniline in the presence

of alkali.
{Information from the 1% Berlin University Laboratory]
(Received Nov. 23, 1903)

The conversion of nifrobenzene with aniline, with admixture of alkali, results in
azobenzene as well as the following considerable amounts, depending on the reaction
temperature:

phenazine,

or phenazine-N-oxide

The reaction was explained in that nitrobenzene in an alkaline solution ini'tially
rearranges itself into a-qumonemonoxune and/or o-nitrosophenol and, in the absence of
aniline, oxidizes into o-nitrophenol®, as was found previously. However, in the presence
of aniline, it condensates therewith to form an intermediate product which supplies
phenazine with the elimination of water and supplies phenazine-N-oxide during the
oxidation with excess nitrobenzene.

The rearranging of the nitrobenzene into o-nitrosophenol is accompanied by a
quantitative reduction in the rearrangement into p-nitrosophenol which is dlstmgmshed in
the absence of aniline by the formation of small amounts of p-nitrophenol®.

D A. Woh! and W. Aue, these reports 34, 2442 [1901]
D A. Wohl, these reports 32, 3486 [1899]
9 A. Wohl, Le.
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The product of the secondary reaction can also be found in the para series in the
presence of aniline. As happens frequently, the intermediate product is retained in this
case because, in contrast to the ortho series, the further condensation with ring formation
is not possible and/or not favored. If the watery alkaline solution of the melt of
nitrobenzene, aniline and alkali is treated with carbonic acid, the yield obtained
corresponds approximately to the p-nitropheno! yield that otherwise develops (O.
Fischer: p-nitrosodiphenylamine). The reaction without doubt follows the equation
below:

The experimental proof that the reaction in the para series leads from
nitrobenzene to a compound of the nitroso stage, is a desired confirmation for the above
assumption of an analog course of the main reaction in the ortho series. At this
opportunity, it was also found that p-nitroso diphenylamine is converted to quinone
dioxim by means of hydrochloric acid hydroxylamine, meaning in this direction it reacts
within the meaning of the above oxim formula

30 g aniline and 30g nitrobenzene are mixed with 120 g of finely pulverized,
completely dry caustic soda and heated in a wide-mouth test tube in an oil bath to 110 -
120 °. The mixture is frequently stirred with a glass stirrer and, after a short time, the
mixture changes to a brown color. The mixture has initially low viscosity at the start of
the reaction. The temperature is held approximately in the range of 120 - 125°. The mass
soon starts to become darker and more viscous and, after some time, becomes quite hard.
In this state, the reaction can be considered completed. The reaction product, which
becomes completely hard during the cooling down, is best placed into approximately 11
water while it is still hot. To better leach out the caustic soda, it is warmed up in a water
bath and allowed to cool in an ice mixture until the resulting base and the azobenzene
have recrystallized. Following this, the alkaline liquid is suctioned off through a
hardened filter and the solid residue is washed several times with water to remove any
alkali still clinging to it. The strong alkaline liquid is treated with carbonic acid.
Following an approximately 2-hour feed-in, precipitated out dark-blue needles are
filtered out and

§CS014263
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more carbonic acid is fed in for one to two hours. The crystals which are then
precipitated out are recrystallized at the same time as the first ones. The yield following
a one-time crystallization from alcohol is 1.6g. A more pure substance is obtained in that
the alcobolic solution is diluted with water up to the emulsion state and allowed to rest
for some time. Glossy, blue-black and long needles are then precipitated out, which melt
at 145° (corr.) following a second re-crystallization.

0.1831g; subst. 0.4878g CO,; 0.0842¢g H;) - 0.1542g subst.: 19.3 com N (24°,
760mm)

CizHjgON;  range: C72.72, H5.05,N 14.14

prec.: >>72.63 >> 5,12, >> 13.94

0.1101g substance was dissolved in 16.822g benzene, thereby lowering the
melting point by 0.170°. Mol. weight 190 comp. for C;oH;oON; 198.

A comparison with the otherwise shown p-nitrosodiphenylamine resulted in a
complete match between the two bodies with respect to physical propetties and chemical
reaction. The benzoate has a melting point of 158° (corr.)’

Action of Hydrochloric-Acid Hydroxylamine
An amount of 600 ccm water and 4g nitrosodiphenylamine and 3.5g hydrochloric
acid hydroxylamine was heated while constantly stitred to the boiling point, until the blue
crystals had dissolved completely. Following the removal of a small amount of black

. decomposition products, fine, red needles precipitated out of the dark red filtrate

following cooling down. These needles became nearly colorless after a one-time re-
crystallization in boiling water with the admixture of animal charcoal. So that the
crystals do not precipitate out in the hydrous state, the hot, light-yellow solution must be
cooled as quickly as possible following the removal by filtering of the animal charcoal.
The yield is 1.2g. When heating the substance above 200°, a gradual decomposition
takes place, which is complete near 230 - 240",

0.1068g substance: 0.2054g CO;, 0.0430g H20 - 0.1234g substance: 21.7ccm N
(17°, 758.3 mm)

These numbers lead to the conclusion of quinonedioxim. Indeed, it has turned out
that the resulting product has external characteristics that completely

D Bridge, Ann. The Chemistry 277, 103; results in 156°
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resemble in the reactions the quinonedioxim shown previously and described repeatedly.

No uniform product could be isolated out of the dark red filtrate, neither through
evaporating it down in a vacuum, nor through ether extraction, nor through water-vapor
distillation. Since the reaction must produce aniline, which cannot be detected in the
filtrate, it must be assumed that the hydrochloric-acid aniline in the formation state
converts with a portion of the p-nitrosodiphenylamine to form azophenin and other
colorants.

Hlustration of the naphto compound that corresponds to the p-nitrosodiphenylamine.

20g a-naphtylamine were mixed with 17g nitrobenzene and 100g powdered

hydrated soda and heated in the oil bath to 115 - 120° until the mixture became
completely solid again following a complete liquefying. The reaction product was
leached out with one liter of water, following a slight heating, and the resulting alkaline
liquid was ether extracted and carbonic acid was fed in. In the process, 0.17g of a brown,
amorphous powder was precipitated out, which easily clogs the filter pores. The same
was dissolved in alcohol and diluted with water up to a permanent emulsion.

During the course of several days, fine blue needles were precipitated out, the
appearance of which resembled closely the p-nitrosodiphenylamine and which also
exhibited a closer melting point (143°). Nevertheless, the mixing of the two substances
lowered the melting point by 23°, thus proving that it is not identical. Sulphuric acid
dissolves the p-nitrosodiphenylamine with the red-brown color; whereas the new product
has a green color. Owing to the extremely small yield of pure substance, we had to

‘dispense with an analysis. However, the presence of the naphto compound that

corresponds to the p-nitrosodiphenylamine can be assumed.

When the same experiment was carried out with B-naphtylamine, the alkaline base
remained clear when treated with carbonic acid and the same was true when using o-
pitrotoluene.

The above-described examples were started by W. Aue! and were continued by
0. Ahlert 2,

Y Dissertation, Berlin 1902 2 Dissertation, Berlin 1903
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